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1.0 Introduction

A comprehensive dataset of chemical concentrations in sediment and tissue samples
has been collected in the Lower Duwamish Waterway (LDW) to define the nature and
extent of contamination and to conduct baseline risk assessments for the LDW Phase 2
remedial investigation (RI). These data will also be used to support a food web model
(FWM) for the LDW based on the model of Arnot and Gobas (Arnot and Gobas 2004).
The FWM is needed for two applications. As part of the RI, risk-based goals (RBGs) for
fish and crab tissue! will be established based on the results of the ecological and
human health risk assessments (ERA and HHRA), and those tissue RBGs will be
translated into sediment quality thresholds (SQTs)? using the FWM. In the feasibility
study (FS), the FWM will also be used as one tool to evaluate residual risks associated
with various sediment cleanup alternatives.

Three memoranda that describe the FWM have been prepared to present a rationale
for the selection of a model, the modeling approach, and the results of preliminary
modeling runs. This document is the third of these three FWM memoranda and
focuses on the results of preliminary model runs. The final documentation and
application of the FWM will be presented in the Phase 2 RI.

The purpose of this memorandum is to present preliminary results of the FWM to
further elucidate model assumptions and sensitivities. The Arnot and Gobas-based
FWM (Arnot and Gobas 2004) is being used to estimate the uptake of total PCBs from
sediment and water through the food chain for five target species (slender and
Dungeness crabs, English sole, shiner surfperch, and Pacific staghorn sculpin). In
addition, concentrations of PCBs in the tissues of four other groups of organisms
(phytoplankton, zooplankton, benthic invertebrates, and juvenile fish) that are prey for
the target species are also predicted. Collectively, the target species and the prey
species are referred to as the modeled species. Empirical PCB tissue concentration data
in the LDW exist for benthic invertebrates, slender crabs, Dungeness crabs, Pacific
staghorn sculpin, shiner surfperch, and English sole. The other modeled species have
no empirical PCB tissue concentration data. Total PCB concentrations are being
predicted in tissue for these nine categories of fish and invertebrates within the entire
LDW and, for some species, within smaller areas of the LDW. Following the
identification of input parameter values and data (Section 2), preliminary model runs
and analyses that were carried out to evaluate the model’s overall performance are:

I Clam RBGs will be developed in the HHRA. The clam RBGs will then be translated into SQT's using
biota-sediment accumulation factors.

25QTs are chemical concentrations in sediment associated with specific acceptable risk estimates. SQTs
may be derived for a variety of exposure scenarios.
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¢ LDW-wide model run. The FWM was run at the LDW-wide (i.e., site-wide)
spatial scale, and the performance of the FWM was evaluated relative to
empirical data. Methods and results are discussed in Section 3.0.

¢ Dietary scenarios. The FWM was run with several dietary scenarios to assess
the sensitivity and model performance. Methods and results are discussed in
Section 4.0.

+ Sensitivity analyses. Sensitivity analyses were conducted at the LDW-wide
spatial scale to determine: a) parameters to which the FWM is most sensitive,
and b) how sensitive the model is to the plausible ranges of certain parameter
values. The FWM was also run with a range of total PCB water column
concentrations to test model performance within that range, and to conduct a
preliminary investigation into the sensitivity of the FWM to total PCB
concentrations in water. This analysis was conducted to provide additional
information to decide whether additional water column data should be
collected this summer. Methods and results are discussed in Section 5.0.

¢ Uncertainty analysis. An uncertainty analysis was conducted at the LDW-wide
spatial scale to characterize the combined effect of the uncertainty associated
with each input parameter. Methods and results are discussed in Section 6.0.

¢ Smaller spatial scale model runs. The FWM was run at a smaller spatial scale
(referred to as modeling areas) for all modeled species. Methods and results are
discussed in Section 7.0.

Based on the preliminary results, several parameters and assumptions were identified
for further consideration during calibration of the FWM. These parameters and
assumptions are discussed in Section 8.0. The steps to finalize the FWM after the
submittal of this memorandum are presented in Section 9.0.

The results presented in this memorandum and the results that will be presented in
the Phase 2 RI are likely to be different for three reasons. First, some of the key input
parameters to the FWM are still being developed. For example, the concentration of
polychlorinated biphenyls (PCBs) in sediment is being determined through
interpolation of the baseline surface sediment dataset. Both the baseline dataset and
the interpolation methodology are being discussed with the US Environmental
Protection Agency (EPA) and the Washington Department of Ecology (Ecology) at this
time. Second, the concentrations of PCBs in water will ultimately be provided by King
County based on output from the Environmental Fluid Dynamics Computer Code
(EFDC) hydrodynamic model. Further calibration of this model is ongoing this spring
to incorporate water and sediment data collected over the past year. Third, the FWM
will likely be calibrated prior to its application in the Phase 2 RI. Refinements to the
calibration will be based on the results of the preliminary sensitivity /uncertainty
analyses and the dietary scenarios presented in this memorandum as well as updated
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sediment and water inputs, as discussed above. The purpose of calibration, which will
be conducted in consultation with EPA and Ecology, is to achieve the best fit using
empirical data from the LDW, while remaining within reasonable assumptions for key
input parameters. The overall process that will be followed prior to the presentation of
the FWM results in the Phase 2 Rl is presented in this memorandum (Section 9), and
will also be discussed with stakeholders.

2.0 Selection of Parameter Values

The Gobas and Arnot (2004) model requires input values for 36 parameters to predict
concentrations of hydrophobic chemicals in aquatic organisms. Some parameters are
species-specific and thus require more than one value. This section and Appendix A
present the initial values selected for the FWM. As discussed in the FWM Memorandum 2
(Windward 2005b), these initial values form the basis for preliminary model runs and
preliminary uncertainty and sensitivity analyses. If needed to meet the model
performance goal (i.e., predictions within a factor of 3 of empirical data), these initial
parameter values will be modified in consultation with EPA and Ecology prior to their
final application in the Phase 2 RL

For this memorandum, the FWM is being used to predict the total PCB concentrations? in
the tissues of the five target species (slender and Dungeness crabs, English sole, shiner
surfperch, and Pacific staghorn sculpin) in the LDW. In addition, PCB concentrations in
the tissue of four species groups (phytoplankton, zooplankton, benthic invertebrates, and
juvenile fish) are being predicted by the model as prey for the target species. Each species
has its own set of parameter values to define its biological state (e.g., lipid content, water
content, and weight4) and diet. The same values for environmental parameters that define
the chemical and physical conditions of the LDW (e.g., water temperature, oxygen
concentration) are being used for each species. Chemical-specific parameter values (e.g.,
Kow) are also required for the chemical being modeled (e.g., total PCBs). Because total
PCBs include a mixture of individual PCBs congeners, parameters such as Kow were
estimated from available PCB congener data (see Section A.3 in Appendix A)

Values for each of the FWM parameters appropriate for the LDW were selected from
three major source categories: site-specific data, literature data, or default values used or
cited in Arnot and Gobas (2004) or in a San Francisco Bay application of the same model

3 As discussed in the second deliverable, the FWM may later be used to predict concentrations of other
chemicals if these chemicals are found to be risk drivers.

4 Weight is calculated in several different ways (e.g., average of individual LDW samples or literature-
based). For fish and crabs, the weight represents the average adult weight of that species in the LDW.
For zooplankton, it represents an average weight of all zooplankton captured in a Puget Sound inlet
over a year period. Thus, the value chosen for the weight zooplankton parameter does not necessarily
represent realistic expected size ranges that are actually consumed by target species in the LDW, but
was chosen from values available in the literature for the region.
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(Gobas and Arnot 2005). Values for six species-specific parameters, including organism
weight, lipid content, non-lipid organic matter content, water content, diets, and fraction
of pore water and overlying water ventilated, were derived from either LDW or literature
data (Appendix A, Table A-5-1). Values for eight parameters, including total PCB and
organic carbon concentrations in sediment (OCsed), total PCB concentration in water, and
five water quality parameters, were derived from LDW data (Appendix A, Table A-2-1).
Two chemical-specific parameters, including Kow and Henry's Law Constant, were
determined from the literature (Appendix A, Table A-3-1). Twenty parameter values were
default values, as cited in Arnot and Gobas (2004) or Gobas and Arnot (2005). The
majority of parameters with default values are constants in the model equations, except
for the rate constant for metabolic transformation of PCBs and the density of lipids and
water (Appendix A, Table A-4-1). The initial set of input parameter values used in the
analyses reported here was determined for the LDW as a whole. Different parameter
values may be used in later modeling of smaller areas of the LDW. Parameter names,
symbols, units, selected values, comments, and source information for the initial set of
input values are presented in Appendix A.

Modeled species diets are restricted to the compartments selected for the FWM. Each
compartment is a surrogate dietary item for the organisms consumed by modeled species.
As specified in FWM Memorandum 1, these dietary surrogates include sediment,
phytoplankton, zooplankton, benthic invertebrates, and small prey fish (Windward
2005a). For all model runs other than those exploring various dietary scenarios, the
proportions of each dietary surrogate in modeled species diets are those specified in

dietary scenario 1, which is one of several plausible dietary scenarios investigated (Section
4.0).

Input parameter values were derived for the LDW at two spatial scales: the LDW-wide
spatial scale and the modeling area spatial scale (Figure 2-1).5> Modeling areas (Areas M1
to M4) were defined as fish and crab tissue sampling areas extended out to the center
point between tissue sampling areas. At the modeling area scale, the FWM was run
separately for each modeling area. All species were modeled at both spatial scales.
Parameter values that were changed with scale included the total PCB and OCeedq
concentrations in sediment, fish and invertebrate lipid and water contents, and fish and
crab weights. When output data for total PCB concentrations in water are available from
EFDC, this input parameter will also be based on the specific modeling areas.

> The LDW-wide spatial scale was defined as River Mile (RM) 0 to RM 5.0. Modeling areas were as
follows: M1 (RM 0.0 to RM 1.3), M2 (RM 1.3 to RM 2.65), M3 (RM 2.65 to RM 3.95), and M4 (RM 3.95 to
RM 5.0).

Lower Duwamish Waterway Group April 7F,V\2/3A036

Port of Seattie | City of Seattle | King County | The Boeing Company Page 4




M1

D=y 1D

BCA-1 VS BCA-4
Fp7iC)
06

ol

Kellogg Islang

2 0

Slip 2

M2

Slip 3

'2C ¥ 2D =
. B6al Beb

B5a-2¥5EYoF
JB5a-1

o
o

Tissue modeling areas

B v
M2
M3
M4
Tissue sampling areas and subareas

Actual location for benthic invertebrate tissue
and community analysis: a=intertidal; b=subtidal

Target location for benthic invertebrate tissue
and community analysis: a=intertidal; b=subtidal

River mile

RN

Figure 2-1. Lower Duwamish Waterway modeling areas 0 0125 025 05

E Miles N

0 0125 025 05 \X/ I I I Ward
A ‘environmental L€
E Kilometers

Prepared by STS 04/07/06 Map 2109

W:\Projects\00-08-06_Duwamish_RI\data\gis\Tissue Chemistry\Tissue Area Polygons




In addition to the LDW-wide and modeling area scales, shiner surfperch and Pacific
staghorn sculpin will also be modeled in the future at the subarea scale, which is
smaller than the modeling area (Figure 2-1). These two target species will be evaluated
at this scale because it is possible that the foraging range for these species may be
smaller than a modeling area, although the sizes of their foraging ranges are
uncertain.6 Unlike the other targeted species (i.e., slender and Dungeness crabs,
English sole), for which composite tissue samples were available only for entire tissue
sampling areas, Phase 2 tissue data are available for shiner surfperch and Pacific
staghorn sculpin from each of the tissue sampling subareas shown in Figure 2-1. Thus,
FWM predictions can be compared to empirical data for the latter species at this scale.
This subarea scale was not investigated for this memorandum because total PCB
concentrations in water were not yet available at a subarea scale. The total PCB
concentrations in water will be generated by the EFDC model following recalibration
with an updated sediment and water data. EFDC predictions of PCB water
concentrations at smaller spatial scales will be available in the spring of 2006.

When the water data are available, a subset of the tissue sampling subareas will be
modeled for shiner surfperch and Pacific staghorn sculpin. Subareas T1-B, T1-E, T2-B,
T2-E, T3-B, T3-F, T4-A, and T4-D have been selected for modeling because they
provide spatial coverage of the LDW and represent a range of total PCB
concentrations in tissue and sediment (Figure 2-2).

6 Local fish experts expressed opinions at a March 31, 2004, meeting that foraging movements for target
species may be as large as the LDW or as small as a tissue subarea.

Lower Duwamish Waterway Group April 5,"!2,"035

Port of Seattie | City of Seattie | King County | The Boeing Company Page 6



Figure 2-2. Total PCB concentrations in tissue sampling subareas
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Parameter values that will differ between the modeling area and the subarea spatial
scales will include total PCB concentrations in sediment and water as well as OCsed
concentrations in sediment. Fish weight, lipid, and water content data from the
corresponding modeling area will be used at a subarea scale because these parameters
are not expected to vary among fish sampling subareas within the corresponding
modeling area. Predicted shiner surfperch and Pacific staghorn sculpin total PCB
tissue concentrations from a given subarea model will be compared to empirical data
from the corresponding subarea.

Lower Duwamish Waterway Group April ;VZ(“{‘O%

Port of Seattle | City of Seattle | King County | The Boeing Company Page 7

‘ ‘)
M ERd sy e EEm BeY  Ehy W t



3.0 Application of the FWM at the LDW-Wide Scale

The FWM was run at the LDW-wide spatial scale to test the model’s ability to predict
total PCB concentrations in tissue for the target species being modeled. The LDW-
wide spatial scale integrates the exposure of modeled species throughout the LDW
regardless of foraging ranges. Application of the FWM to smaller spatial scales is
discussed in Sections 7.0 and 8.0.

3.1 METHODS

Preliminary runs of the FWM were conducted with the initial set of input parameter
values presented in Appendix A (Tables A-1-2, A-2-1, A-2-2, A-2-3, A-3-1, and A-4-1).
The initial set of input parameter values included dietary scenario 1, which is one of
several plausible dietary scenarios investigated (Section 4.0). Predicted total PCB tissue
concentrations were compared to available empirical data for five fish and crab species
using two model performance metrics, the species predictive accuracy factor (SPAF),
which was discussed in detail in FWM Memorandum 2 (Windward 2005b), and the
percent difference metric. Below are equations describing the SPAF and percent
difference metrics.

The species predictive accuracy factor (SPAF) is the ratio of predicted to empirical
tissue chemical concentrations. If predicted tissue chemical concentrations were higher
than empirical tissue chemical concentrations, then Equation 3-1 was used to calculate
the SPAF:

SPAF = prec Equation 3-1
ETCC

where:

PTCC = predicted tissue chemical concentration
ETCC = empirical tissue chemical concentration

If predicted tissue chemical concentrations were lower than empirical tissue chemical
concentrations, then Equation 3-2 was used to calculate the SPAF:

SPAF = ETcc Equation 3-2
PTCC
Lower Duwamish Waterway Group April 7F,V\2'g"03é
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The percent difference is a model performance metric that measures the difference of
the predicted and empirical tissue chemical concentration relative to the magnitude of
the empirical tissue chemical concentration. It is calculated as follows:

% difference = % Equation 3-3

Three empirical datasets are available for comparison to predicted results (Table 3-1).
Two of these datasets were collected as part of the Phase 2 RI (fish and crab tissue
samples were collected in 2004 and 2005). The third dataset combines data from
numerous studies conducted since 1990 (these data are referred to as historical data).
Total PCB concentrations in the 2004 Phase 2 fish and crab samples were generally
higher than those in historical samples or the 2005 Phase 2 fish and crab samples
(Table 3-1). In this memorandum, the results of the FWM are generally compared to
mean total PCB concentrations from all three datasets combined to simplify the
presentation of results. To assess the performance of the model relative to specific
datasets, model runs are also compared to total PCB concentrations for historical and
Phase 2 (2004 and 2005) data separately for the LDW-wide results in Section 3-2. The
empirical tissue data used in these comparisons are discussed further in Appendix A,
Section A.2.3. The dataset(s) to be used to calibrate the FWM will be discussed with
EPA and Ecology prior to calibration, as discussed in Section 8.0.

Predicted total PCB concentrations in benthic invertebrate tissues were not compared
directly to empirical data. As described in the quality assurance project plan (QAPP)
for the collection and analysis of benthic invertebrate tissue (Windward 2004),
locations for benthic invertebrate tissue sampling were selected to provide good
spatial coverage and to represent the full range of total PCB concentrations in
sediment. The sampling locations were not selected to provide a representative sample
of total PCB tissue concentrations in the benthic invertebrate community throughout
the LDW. A tissue-sediment regression was derived from the co-located sediment and
benthic invertebrate tissue data (Appendix A), and used to estimate the most
appropriate site-specific total PCB tissue concentration for comparison to values
predicted by the FWM. The resulting regression equation was then applied to the
spatially weighted average concentration (SWAC) of total PCBs in sediment to
estimate a representative site-wide total PCB concentration in benthic invertebrate
tissues. Details of this approach are presented in Section A.2.4 of Appendix A. SWAC
values used both for the LDW-wide model runs as well as the modeling-area-scale
runs were based on preliminary IDW interpolations. Subsequent IDW interpolations
are likely to result in different values that will be used in the FWM applications for the
RI/FS.
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Table 3-1. Available empirical total PCB data for target species from LDW tissue sampling areas
HISTORICAL PHASE 2 (2004) PHASE 2 (2005)
ToTAL PCBs ToTAL PCBs ToTAL PCBs
TISSUE No. PER (ng/kg ww) No. PER (ug/kg ww) No. PER (ug/kg ww)
SPECIES TYPE LOCATION N | COMPOSITE A MIN @ MaAx AVG N | CoOMPOSITE MIN MAX AVG N | COMPOSITE MIN MAX AVG
T 1 3 640 640 | 640 1 15° 1,400 1,400 1400 1 5° 450 | 450 @ 450
T2 - nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
| Dunigeness | Vggg;,?' T3 nd nd nd  nd | nd | 1 15° 1600 1,600 | 1,600 | 1 5 420 | 420 420
T4 nd nd nd nd nd 1 6° 1,900 1,900 | 1,900 1 5 420 | 420 420
LDW-wide = 1 3 640 640 | 640 = 3 6-15° | 1,400 1,900 & 1,600 3 5 420 | 450 | 430
T . nd nd nd nd nd 1 16° 650 650 650 nd nd nd nd nd
T2 nd nd nd nd nd 2 15° 750 800 780 . 1 10° 250 @ 250 250
 Slender crab Vt‘)’;‘g;?' T3 nd nd nd  nd | nd | 1 18° 630 630 | 630 @ nd nd nd  nd | nd
T4 2 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
LDW-wide . nd nd nd | nd nd @ 4 15-18° | 630 & 800 | 710 1 10° 250 @ 250 & 250
T1 3 10 350 | 620 | 500 @6 9-10 970 | 1,830 1,400 @ 6 10 530 | 960 = 780
_ T2 nd nd nd | nd nd | 6 9-10 1,260 | 18,400 | 4,300 6 10 660 | 2,000 1,300
f:rif'gmh Vm‘; T3 2 1 940 | 2,100 | 1,500 6 10 1,280 | 8,800 3,800 @ 6 10 700 | 2,400 @ 1,500
' T4 nd nd nd | nd nd = 6 10 640 & 960 | 800 @ 4 10 540 | 600 & 580
LDW-wide = 5 1-10 350 | 2,100 | 900 @ 24 9-10 640 | 18400 2600 22 10 530 | 2,400 1,100
T  nd nd nd | nd nd @ 6 5 2,700 | 4700 & 3700 6° 5 1,120 | 2,200 = 1,600
T2 nd nd nd | nd nd 6 5 3,300 | 4,200 3900 6° 5 1,600 | 2,400 | 2,000
English sole V‘g’;‘é‘; T3 . nd nd nd | nd nd 6 5 1,320 | 4,300 | 2,600  6° 5 610 | 2,200 1,400
T4  nd nd nd | nd nd =3 5 1,640 | 1,800 | 1,700 = 3° 5 910 | 1,180 = 1,000
LDW-wide = nd nd nd | nd nd = 21 5 1,320 | 4,700 | 3,200  21° 5 610 | 2,400 1,600
Lower Duwamish Waterway Group Aptil ;V\z/g"(%




HISTORICAL PHASE 2 (2004) PHASE 2 (2005)
TOTAL PCBs TOTAL PCBs ToTtAL PCBs
TiSSUE No. PER (ng/kg ww) NO. PER (ug/kg ww) NO. PER (nglkg ww)
SPECIES TYPE LOCATION N COMPOSITE | MIN MAX AvG N COMPOSITE MiN MAX AVG N COMPOSITE MiIN MAX AVG
™ nd nd nd nd nd 6 10 580 860 730 1 10 720 720 720
! T2 nd nd nd nd nd 6 7-10 620 1,260 770 1 10 620 620 620
Pacific Whole-
- staghorn body T3 nd nd nd nd nd 6 10 810 2,800 1,500 1 10 590 590 590
- sculpin
T4 nd nd nd nd nd 6 8-10 510 1,300 780 1 10 430 430 430
LDW-wide @ nd nd nd nd nd 24 7-10 510 2,800 950 @4 10 430 720 590

Each whole-body crab total PCB concentration was estimated by combining the total PCB concentration in the composite hepatopancreas sample with the total PCB
concentration in the corresponding edible meat composite samples (one or more samples) that were collected from the same crabs. Therefore, a single whole-body crab total
PCB concentration was calculated for each composite hepatopancreas sample. Whole-body total PCB concentrations were calculated assuming 69% (by weight) edible meat and
31% hepatopancreas, based on the relative weights of these tissues in a 16.6-cm Dungeness crab dissected by Windward in 2004.

This number of crabs per composite sample represents the number of hepatopancreas samples per whole-body calculated composite sample. The number of edible meat
samples ranged from five to fifteen per whole-body calculated composite sample.

One half of the samples from each tissue sampling area were calculated as the weighted average of fillet and remainder composite samples collected for comparison between
fillet and whole-body total PCB concentrations, as specified in the quality assurance project plan (QAPP) (Windward 2005c) and the data report (Windward 2006 in prep).

N — Number of composite samples

nd - no data
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No empirical tissue data are available for phytoplankton, zooplankton, or juvenile
fish. Concentrations of PCBs in tissues of these organism groups were modeled to
estimate dietary concentrations for other modeled species.

3.2 RESULTS

The total PCB concentrations in all modeled target species were predicted within a
factor of 3.2 of empirical data (Table 3-2). As discussed in FWM deliverable 2, for the
initial calibration, a performance criterion of predictions “within a factor of 5 of
empirical data” (< 5 and > -5 for all SPAFs) was presented. A model performance
criterion of “within a factor of 5” for all species was set for Gobas models on the Fox
River (ThermoRetec 2001) and Hudson River (TAMS 2000). The goal for the final
calibration phase was established as “within a factor of 3” of empirical tissue data. A
model parameterization that at least meets the model performance criterion (i.e.,
within a factor of 5) will be used in the RI/FS.

Thus, the model performance criterion of “within a factor of 5 of empirical data” was
met in the preliminary runs of the FWM at the scale of the entire waterway.
Furthermore, the model performance goal of “within a factor of 3,” outlined in FWM
Memorandum 2 was met for all species but one (i.e., Pacific staghorn sculpin). Despite
these initial successes, additional steps will be taken with the FWM to further refine
predictions at the LDW-wide or smaller scale. These steps are discussed in Sections 8.0
and 9.0.

Table 3-2. Preliminary model run results for the LDW-wide scale compared to
mean empirical total PCB concentrations (all datasets combined)
MEeAN EMPIRICAL | MODEL-PREDICTED SPECIES OVERPREDICTION
ToTAL PCB TotaL PCB PREDICTIVE (+) OR
CONCENTRATION CONCENTRATION % ACCURACY UNDERPREDICTION
SPECIES (palkg ww)® (palkg ww) DIFFERENCE” FacTor® (=)
Various
phytoplankton nd 47 na na na
Various zooplankton nd 73 na na na
Benthic invertebrates 170° 311 83% 1.8 +
Juvenile fish nd 1,315 na na na
- Slender crab 620 893 44% 1.4 +
Dungeness crab 980 2,705 176% 2.8 +
Pexiiio staghm 900 2,921 225% 3.2 .
sculpin
Shiner surfperch 1,800 1,986 10% 1:1 +
English sole 2,300 2,752 20% 1.2 +
- FWM3:
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MEeEAN EMPIRICAL | MODEL-PREDICTED SPECIES OVERPREDICTION
ToTAL PCB ToTAaL PCB PREDICTIVE (+) orR
CONCENTRATION CONCENTRATION % ACCURACY UNDERPREDICTION
SPECIES (nalkg ww)? (nalkg ww) DIFFERENCE® FACTOR® ()

All Species

Mean 93% 1.9

Maximum 225% 32

Minimum 10% 1.1

Mean empirical data are represented by an average of all three empirical datasets over all LDW tissue samples
for a given species. Data are discussed further in Appendix A, Section A.2.3.

The percent difference is the difference between the predicted and empirical tissue chemical concentrations
divided by the empirical tissue chemical concentration.

The species predictive accuracy factor (or SPAF) is the ratio of the predicted concentration divided by the
empirical concentration if the predicted concentration is higher than the empirical concentration, and the
reciprocal if the predicted concentration is lower than the empirical concentration.

Concentration predicted from sediment-tissue total PCB regression at an LDW-wide total PCB SWAC of 250
pg/kg dw.

na — not applicable
nd — no data

All predicted concentrations were greater than the mean empirical data (all datasets
combined) for each species (Figure 3-1). Thus, based on the initial set of parameters,
the FWM is consistently over-predicting by varying degrees or the LDW-wide scale.
Predictions for shiner surfperch, English sole, and slender crab were within a factor of
1.5 of empirical data. Implications of using different datasets are discussed in

Section 8.0.
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Figure 3-1. Preliminary model run results for the LDW-wide scale compared to
empirical total PCB concentrations (all datasets combined)
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Benthic Dungeness crab| Slender crab | Pacific staghorn| English Sole | Shiner surfperch
invertebrates sculpin

Note — Empirical benthic invertebrate data distributions represented by the green bar are the mean and 95% upper-
and lower-confidence interval concentrations predicted using the benthic invertebrate sediment-tissue
regression and the LDW-wide SWAC for total PCBs.

Preliminary FWM results were also compared to the 2004 and 2005 datasets separately
because the total PCB concentrations in tissue were consistently lower in 2005 than in
2004 (Tables 3-1 and 3-3 and Figure 3-2). The model performance when compared to
the 2004 dataset was generally similar to that for all datasets combined, although some
species (shiner surfperch and English sole) were slightly underpredicted rather than
slightly overpredicted. The model performance when compared to the 2005 dataset is
similar to that for the combined datasets for shiner surfperch and English sole.
However, the model-predicted total PCB concentrations for slender crab, Dungeness
crab, and Pacific staghorn sculpin were much higher than the empirical data from 2005
(with SPAFs ranging from 3.6 to 6.3). Implications of using different datasets are
discussed in Section 8.0.
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Table 3-3. Preliminary fish and crab model run results for the LDW-wide scale compared to 2004 and 2005
mean empirical total PCB concentrations
PHASE 2 (2004) | PHASE 2 (2005) MODEL- 2004 DATA 2005 DATA
EMPIRICAL EMPIRICAL PREDICTED SPECIES OVERPREDICTION SPECIES OVERPREDICTION
ToTAL PCB ToTAL PCB ToTAL PCB PREDICTIVE (+) PREDICTIVE (+) OR
CONCENTRATION . CONCENTRATION | CONCENTRATION % ACCURACY | UNDERPREDICTION % ACCURACY UNDERPREDICTION
SPECIES (Ma/kg ww) (ug/kg ww) (ug/kg ww) DIFFERENCE" FACTOR” (-) DIFFERENCE® FACTOR” (-)
| Slender crab 710 250 893 26% 1.3 + 257% 36 +
E’r:’t‘)ge”ess 1,600 430 2,705 69% 1.7 + 529% 6.3 +
Pacific
staghorn 950 590 2,921 207% 3:4 + 395% 5.0 +
sculpin
Shiner 2,600 1,100 1,086 -24% 1.3 ; 81% 18 +
surfperch
English sole 3,100 1,600 2,752 11% 1.1 - 72% 1.7 +
All Species
Mean 53% 1.7 267% 37
. Maximum 207% 3.1 529% 6.3
Minimum 1% 1.1 72% 1.7

b

reciprocal if the predicted concentration is lower than the empirical concentration.

Lower Duwamish Waterway Group
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Figure 3-2. Preliminary model run results for the LDW-wide scale
compared to Phase 2 (2004 and 2005) empirical total PCB
concentrations
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Note — Empirical benthic invertebrate data distributions represented by the green bar are the mean and 95% upper-
and lower-confidence interval concentrations predicted using the benthic invertebrate sediment-tissue
regression and the LDW-wide SWAC for total PCBs.

Bl — benthic invertebrates PSS - Pacific staghorn sculpin
SC - slender crab ES — English sole
DC - Dungeness crab SS - shiner surfperch

4.0 Dietary Scenarios

Up to four plausible dietary scenarios for each target species were used as model
inputs on an LDW-wide scale. Different dietary scenarios were input because there is
uncertainty regarding the diets of the species being modeled and because dietary
assumptions can be important in model performance. The results of these preliminary
model runs will be assessed, in consultation with EPA and Ecology, to select a dietary
scenario for use in the model runs for the Phase 2 RI (see Sections 8.0 and 9.0).

Diets of fish and crabs are difficult to characterize because they vary by location,
season, age, and size class. Diets are also difficult to quantify in terms of mass or
volume fractions because stomach content analyses favor items that are digested more
slowly. In addition, certain feeding habits, such as scavenging, or extensive
mastication of the food items, makes food-item species identification difficult.

Lower Duwamish Waterway Group S5l ;V\z’g‘(fs
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Thus, simplifying assumptions must be made when estimating diets because
ecosystems are complex and dynamic environments that cannot be fully characterized
in a quantitative manner without a high level of uncertainty. Simplified food web
models and dietary assumptions were developed for the three fish species and two
crab species (Figure 4-1 as an example). Various boxes or “compartments” are
included in the dietary scenarios, each representing a group of species or abiotic media
that may influence chemical transfer and bioaccumulation.

Ecology, behavior, feeding observation studies, stomach content analyses were
considered in the creation of the simplified uptake routes and plausible dietary
scenarios developed to reflect average diets. These scenarios are discussed in this
section (see Appendix A, Section A.3.1).

Figure 4-1. Simplified dietary and aqueous uptake routes for LDW biota (dietary
scenario 1 as an example)
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41 METHODS

Dietary items of the modeled species are restricted to the model compartments (e.g.,
benthic invertebrates, sediment) selected for the FWM. Each compartment modeled
may be used as a surrogate dietary item for the items actually consumed by modeled
species. It should be noted, however, that a given modeled species cannot have a
fraction of its diet from its own model compartment (e.g., benthic invertebrates are not
allowed to consume benthic invertebrates if there is only one benthic invertebrate

Lower Duwamish Waterway Group April 5}’;3”035
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compartment). This is a limitation of the current version of the model, which is in
Excel®. In addition to compartments for target species, model compartments
representing dietary components include sediment, phytoplankton, zooplankton,
benthic invertebrates, and juvenile fish, as specified in FWM Memorandum 1
(Windward 2005a). In some cases, where a tissue type reported in the literature to be
consumed by a modeled species is lacking in the LDW database, the surrogate tissue
was selected. For example, Pacific staghorn sculpin are expected to eat shrimp, but
measured or estimated concentrations in shrimp are not available, so the fraction of
shrimp in the sculpin diet was substituted with estimates of PCBs in either benthic
invertebrate tissue (dietary scenario 1) or in zooplankton (dietary scenario 2).

Four different dietary scenarios were modeled. The FWM was run with the initial set
of input values held constant while dietary assumptions were changed for each
scenario run.

41.1 Fish and crab dietary scenarios

Four dietary scenarios are presented for the fish and crab species modeled (Table 4-1.
Appendix Table A-2-3). In general, dietary scenarios 1 and 2 were statistical estimates
of the organisms’ diets based on stomach content analyses presented in the literature.
Dietary scenario 2 was the same as dietary scenario 1, except that crab or shrimp prey
items in the dietary studies were represented by the zooplankton compartment
instead of the benthic invertebrates compartment. A surrogate prey item was needed
for juvenile crabs and shrimp because they are not included as a model compartment
in the simplified food web developed for the LDW, primarily because no data were
available for these species/life stages in the LDW. Zooplankton are a reasonable
surrogate because zooplankton, juvenile crabs, and especially shrimp are primarily
exposed to PCBs in the water column versus other benthic invertebrates that receive
most of their exposure through association with sediment. All target fish and crab
species are opportunistic feeders and may consume juvenile crab and/or shrimp to
some extent. Dietary scenario 3 was created from studies that considered organism
ecology and behavior in addition to the literature presenting stomach content
analyses. Dietary scenario 3 was the only scenario that included sediment as a fraction
of the diet, and all fish and crab species were therefore assumed to consume 10%
sediment by weight for this scenario. Dungeness crabs were the only species with a
fourth dietary scenario. This scenario was based on an additional literature source that
quantified stomach contents using a different metric (Gotshall 1977).

Lower Duwamish Waterway Group April 7F_V\2’g'1035:
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Table 4-1.  Fraction of dietary surrogates consumed by modeled fish and crab
species in the four dietary scenarios investigated

DIETARY - FRACTION OF DIET BY Scs__nqﬁloa
SPECIES SURROGATE | SCENARIO 1°° | SCENARIO 2™® | SCENARIO3® | SCENARIO 4° ~_ Sources
zooplankton 0] 0.48 0 0
benthic Stevens et al.
invertebrates 0.63 0.16 0.75 0.75 (1982) -for
Dungeness scenarios 1
crab juvenile fish 0.37 0.36 0.15 0.25 and 2; Gotshall
(1977) for
sediment 0 0 0.10 0 scenario 4
total 1.0 1.0 1.0 1.0
o zooplanktonm B 0 - 0.12 o ' 0 . » na . -
benthic
: invertebrates 0.99 0.87 0.90 na
: Slender crab |~ - - Bernard (1979)
juvenile fish 0.01 0.01 0 na
sediment 0 0 0.10 na
total 1.0 1.0 1.0 na
o zobplankton 0.07 0.17 . 0.05 . na [
) Fresh et al.
, benthic 0.93 0.83 0.85 na (1979); Miller et
- Juvenile fish | invertebrates al. (1977);
. Wingert et al.
sediment 0 0 0.10 na (1979)
1.0 1.0 1.0 na
: 0.14. e 021 : 010 n a
bonth Fresh et al.
C enthic (1979); Miller et
" Shiner invertebrates 0.86 0.79 0.80 na al. (1977);
surfperch .
di t 0 0 0.10 Wingert et al.
sedimen . na (1979)
total 1.0 1.0 1.0 na
phytopiankton/ 0.08 0.07 0 na
algae
zooplankton 0 0.05 0 na Fresh et al.
English sole | penthic (1979); Wingert
invertebrates 0.92 0.88 0.90 na et al. (1979)
sediment 0 0 0.10 na
total 1.0 1.0 1.0 na |
- FWM3:
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............... DIETARY I'":RACT'°N,°.'.’ DIETBY SCENARIO®

~ SPECIES SURROGATE | SCENARIO 1" e % SCENARIO 4° 5 - SOURCES

zooplankton 0 na

benthic __ . Fresh et al.

' Pacific invertebrates 0.56 0.19 0.50 "a (1979); Miller et
staghorn al. (1977):
sculpin fish 0.44 0.44 0.15 na Wingert et al.

sediment 0 0 0.10 0 (1979)

total 1.0 1.0 1.0 na :

a

Average over all studies.

Unidentifiable prey items excluded from calculation.

¢ Crab and shrimp prey were assigned to the benthic invertebrate compartment.
Crab and shrimp prey were assigned to the zooplankton compartment.

®  Integration of available data; 10% sediment consumption was assumed. For Pacific staghorn sculpin, crab and
shrimp prey were assigned to the zooplankton compartment.

na — not available; no scenario investigated

4.1.2 Benthic invertebrate dietary scenarios

Benthic invertebrate communities in the LDW are composed of many species from
many phyla within multiple feeding guilds. Dominant feeding guilds for each taxon
were assigned using the literature. Assigned feeding guilds included deposit feeders
(including detritivores), suspension feeders, and carnivores. Feeding guilds were
assigned to each phylum (LDW subtidal samples only), and then the percent of each
sample represented by each feeding guild was determined based on the percent by
weight that each phylum represented of the total. Average percent feeding guilds
were calculated for all 10 LDW subtidal benthic samples. Because the FWM does not
allow modeled species to eat tissue within the same compartment (i.e., have a fraction
of their diet from their own model compartment), and only one benthic invertebrate
compartment was created, sediment was used as a surrogate for benthic invertebrate
prey consumed by carnivores. A “detritus” compartment was not modeled because
there were insufficient data to generate values for such a compartment. Sediment was
used as a surrogate for detritus consumed by deposit feeders. Dietary scenario 1 was
constructed assuming that carnivores consumed 100% sediment, suspension feeders
consumed 30% zooplankton and 70% phytoplankton/algae, and deposit feeders
consumed 100% sediment. For a more detailed description of methods used to
generate dietary scenarios for benthic invertebrates, see Appendix A, Section A.2.5.
For specific dietary scenario information, see Appendix A, Table A-2-3.

Dietary scenario 2 assigned different dietary surrogates for the carnivore feeding
guild. Specifically, benthic invertebrate carnivores (such as the polychaetes Glycinde
armigera and Eteone californica) were assigned the dietary surrogates of sediment and
zooplankton (50% for each) compared to 100% sediment in dietary scenario 1.

Lower Duwamish Waterway Group April E,VSB”O%
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Zooplankton were used as a surrogate prey that could be exposed to PCBs primarily
through the water column

See Appendix A for details on the creation of fish and crab diets (Section A.3.1) and
benthic invertebrate diets (Section A.2.5).

4.2 RESULTS

Of the four dietary scenarios, dietary scenario 2 resulted in the lowest SPAFs for all
species, except Pacific staghorn sculpin, for which dietary scenario 3 performed best
(Figure 4-2, Tables 4-1 and 4-2). Dietary scenario 2 used zooplankton as a surrogate for
shrimp and juvenile crab, which is a better approximation than using benthic
invertebrates as a surrogate (as was done for all other dietary scenarios with the
exception of dietary scenario 3 for Pacific staghorn sculpin). The diet in dietary
scenario 3 assumed lower fish consumption than the other scenarios, classified shrimp
as zooplankton, and assumed sculpin ingest some sediment incidentally.

Figure 4-2. Preliminary model run results for the LDW-wide scale, assuming
various dietary scenarios, compared to empirical total PCB
concentrations (all datasets combined)
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Note — Empirical benthic invertebrate data distributions represented by the green bar are the mean and 95% upper-
and lower-confidence interval concentrations predicted using the benthic invertebrate sediment-tissue
regression and the LDW-wide SWAC for total PCBs.
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Table 4-2. Preliminary LDW-wide model results compared to empirical total PCB

MEAN EMPIRICAL MODEL-PREDICTED SPECIES OVERPREDICTION
ToTAL PCBSIN TorAL PCBs IN PREDICTIVE (+)or
TISSUE TISSUE % ACCURACY UNDERPREDICTION
SPECIES® (ug/kg ww) (ng/kg ww) DIFFERENCE® FACTOR® (-) '
Dietary Scenario 1
Benthic invertebrates 170 311 83% 1.8 +
Juvenile fish nd 1,315 na na na
Slender crab 620 893 44% 1.4 +
Dungeness crab 980 2,705 176% 28 +
Pacific staghorn 900 2,921 225% 32 +
sculpin - . .
Shiner surfperch 1,800° 1,986 10% 1.1 +
English sole 2,300 2,752 20% 1.2 +
All Species
Mean 93% 1.9
Maximum 225% 3.2

Minimum

10% 1.1
Dietary Scenario 2

Dietary Sceario 3

Benthic invertebrates 170 296 74% 1.7 +
Juvenile fish nd 1,164 na na na
Slender crab 620 767 24% 1.2 +
Dungeness crab 980 1,930 97% 2.0 +
E:LTIIS; staghorn 900 2,314 157% 26 s
Shiner surfperch 1,800 1,794 -0.3% 1.0 -
English sole 2,300 2,565 12% 1.1 +
All Species

Mean 61% 1.6

Maximum 157% 2.6

Minimum -0.3% 1.0

Benthic invertebrates ¢ 170 311 83% 1.8 +
Juvenile fish nd 1,303 na na na
"Slender crab 620 880 42% 14 N
Dungeness crab 980 2,157 120% 22 +
:fj‘;‘r’] staghorn 900 1,757 95% 2 "
Shiner surfperch 1,800 1,998 11% 1.1 +
English sole 2,300 2,990 30% 1.3 +
Lower Duwamish Waterway Group April 5}“2!#0361
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Dietary Scenario 4°
Dungeness crab

l

980

2,421

147%

"""" MEAN EIGIIL—‘IRICAL MODEL-PREDICTED SPECIES OVERPREbICTION
ToTAL PCBSIN ToTtAL PCBs IN PREDICTIVE (¥)orR
TISSUE TiSSUE % ACCURACY UNDERPREDICTION
SPECIES® (Hg/kg ww) (ng/kg ww) DIFFERENCE® FACTOR® )
All Species
Mean 64% 1.6
Maximum 120% 2.2
Minimum 1% 1.1

25

+

a

by the empirical tissue chemical concentration.

Phytoplankton have no diet and zooplankton only have one dietary scenario, thus they are no
table.

t included in this

Percent difference is the difference between the predicted and empirical tissue chemical concentrations divided

The SPAF is defined as the ratio of the predicted concentration divided by the empirical concentration if the

predicted concentration is higher than the empirical concentration, and the reciprocal if the predicted
concentration is lower than the empirical concentration.

d

e

Only Dungeness crab has a fourth dietary scenario.

Bold values indicate the best-performing scenarios.

na - not applicable

nd — no data
ww — wet weight
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5.0 Sensitivity Analyses

The analysis of model sensitivity involves the investigation of how changes in input
parameters affect model output and identifies parameters that most influence model
predictions. This analysis provides the basis for determining calibration parameters
and for selecting parameters to be evaluated in the uncertainty analysis. Future
calibration efforts will focus on the parameters to which the model is most sensitive to
determine if values for these parameters should be reassessed and altered, if
appropriate, to improve model performance.

Following methods outlined in FWM Memorandum 2 (Windward 2005b), model
sensitivity was investigated using two analyses (see Appendix B, Table B-1-1):

¢ reducing the values of 29 input parameter values by 10%

¢ altering the value of each of 21 parameters according to its plausible range
(using upper- and lower-bound estimates of the mean)

In order to investigate how sensitive the FWM is to total PCBs concentrations in the
water column (Cwr), a series of water scenarios were run (Section 5.2). Sensitivity of
the FWM to Cwr is being addressed in more detail than other input parameters to
provide additional information to decide whether additional water data should be
collected in summer 2006 to support the FWM.

5.1 10% REDUCTION AND UPPER- AND LOWER-BOUND SENSITIVITY ANALYSES

5.1.1 Methods

In the first analysis (reduction of input parameter values by 10%), all parameter values
were changed equally, regardless of the parameter’s inherent variability or uncertainty
about parameter values. This analysis identified the parameters to which the model
output is most sensitive as a result of the mathematical formulation of the FWM. The
second analysis (altering input parameter values to the upper and lower bound
estimates of the mean) evaluated how known or estimated plausible ranges for
parameter values influenced model predictions. This second analysis helped identify
the parameters to which the model output is most sensitive as a result of potential
variability in the parameter values associated with uncertainty or natural variability in
combination with the FWM'’s mathematical formulation. The plausible range was
either generated from empirical data or estimated from literature (see Appendix B).
Thus, the plausible range, particularly in the case of site-specific data, such as lipid
content, reflects the variability of collected empirical data, but does not account for the
full range of true variability or for uncertainty (due to measurement error, etc.)

For both sensitivity analyses, results were evaluated using the species percent
difference (SPD). The SPD is a measure of the difference between the prediction for a
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given species using the initial set of parameter values and the prediction with a
specific parameter value altered. The SPD metric is defined as follows:

spp - NPTC-IPTC 140 Equation 5-1
IPTC
where:
SPD = species percent difference
NPTC = new predicted tissue concentration
IPTC = initial predicted tissue concentration

Changes in parameter values that increase the predicted tissue concentration will yield
a positive SPD and those that decrease the predicted tissue concentration will yield a
negative SPD.

In both types of sensitivity analyses, the FWM was run many times, changing one
parameter value at a time. The 10% reduction analysis was conducted for most input
parameters (29 parameters, see Appendix B, Table B-1-1), and the plausible range
analysis was conducted for input parameters for which site-specific or literature
empirical range information was available (21 parameters, see Appendix B,

Table B-1-1). The complete list of parameters tested and the values and process for
selection of values used in each analysis are presented in Appendix B.

For the 10% sensitivity analysis, results were ranked by maximum SPD, and any
parameter with a maximum SPD of 8% or more for any species was selected for
inclusion in the uncertainty analysis. The threshold of an 8% change in predicted
tissue concentration (for any one species) with a 10% change in parameter value was
selected, based on best professional judgment, to ensure that parameters to which the
model is moderately sensitive are included. A greater than 1:1 response between

parameter value change and model prediction change is considered highly sensitive
(Arnot 2006).

Also identified were parameters that, when run at the upper or lower end of their
plausible range, results in a percentage change that is substantial relative to the change
caused by other parameters or relative to the magnitude of change in the input value.
These parameters should be considered for evaluation in the uncertainty analysis. In
order to select parameters for the uncertainty analysis, results of the plausible range
sensitivity analysis were ranked by maximum SPD and the distribution of results was
evaluated to see if any patterns or break points arose from the results. Parameters
were also ranked according to a relative response ratio (SPD divided by percent
change in parameter value). This metric can be compared to the 10% sensitivity
analysis to see if percent changes in model predictions were the same for small or
large changes in parameter values. All tables in Section 5.1.2 rank results for target
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species only. Maximum responses for all species are ranked in Appendix B (Table B-3-

2).

5.1.2 Results

This section presents a summary of the results of the two sensitivity analyses
performed. Full results are presented in Appendix B.

5.1.2.1

The results of the 10% reduction sensitivity analysis are presented in Table 5-1. Any
parameter identified in the 10% sensitivity analysis as having a maximum species
percent difference (SPD) equal to or greater than 8% was included in the uncertainty
analysis (see Section 6.0). Thus, the top nine parameters in Table 5-1 were screened
into the uncertainty analysis.” An exception to the 8% rule was made for Kow. It was
selected for inclusion in the uncertainty analysis because it was close to the 8%
threshold (7% SPD for Pacific staghorn sculpin), and because it is a key chemical-
specific parameter with substantial uncertainty. An additional exception is that the
food ingestion rate (Gp), with a maximum SPD of 14%, was not included in the
uncertainty analysis. Gp is calculated by an equation within the FWM, and Crystal
Ball®, the software used to run the Monte Carlo uncertainty analysis (Section 6.0),
cannot test parameters defined by equations.

Selection of parameters for inclusion in the uncertainty analysis

Table 5-1. Species percent differences for fish and crab species based on a
10% reduction to FWM input parameters
SPECIES WITH

MaAXimum MaxiMum MiNnimum MEAN
PARAMETER SPD CHANGE SPD SPD
| Dietary absorption efficiency of lipids (alpha) -24% PSS -10% -14%
Water content 18% SC 2% 5%
Lipid density 17% PSS 10% 13%
Food ingestion rate (Gp) -14% PSS -10% -12%
Lipid content -14% PSS -9% -11%
Dissolved oxygen (DO) -11% PSS -7% -9%
Water column temperature -10% PSS 6% -8%
Dietary absorption efficiency of NLOM (beta) -9% DC 6% 7%
Sediment PCB concentration -8% SC -8% -8%
mkow (octanol water partition coefficient) -7% PSS -4% -5%
Growth rate constant (kg) 4% ES 2% 3%
Sediment organic carbon (OCseq) 4% ES 4% 4%
E a(:;/;/;\;::y %rforgﬁgl&?ahty constant for sorption -4% SC 1% 2%

7 When the responses of phytoplankton, zooplankton, and benthic invertebrates are included in the
ranking (Appendix B, Table B-3-1), PCB water concentration was also above the 8% threshold.
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SPECIESWITH = ]
MAXiMum MAxiMum MiNmum MEAN

PARAMETER SPD CHANGE SPD ' SPD
PCB concentration in porewatér -3% ES " -2% -3%
Organism weight -3% PSS -2% -2%
Porewater, fraction ventilated -2% ES -2% -2% .
Water PCB concentration -2% SS -2% -2%
Eggézirglpgfrtri\lol_ngg)y constant for sorption 18% ES 12% 13%
DOC concentration in water column 0.7% SS 0.6% 0.6%
E:l?tﬁig::;g;uilibrium factor for DOC 0.7% ss 0.6% 0.6%
dooc (proportionality constant for DOC) 0.7% SS 0.6% 0.6%
rrgr(];af:)e"ﬁgzzgnt for PCB metabolic 0.5% ES 0.2% 0.3%
POC concentration in water column 0.41% SS 0.32% 0.37%
lIZ));(;E;“(odr:;snegq)uiIibrium factor for POC 0.41% SS 0.32% 0.37%
aroc (proportionality constant for POC) 0.41% SS 0.32% 0.37%
A (phytoplankton/algae uptake constant) 0.07% ES 0.04% 0.05%
B (phytoplankton/algae uptake constant) 0.002% ES 0.001% 0.001%
Dietary absorption efficiency of water (chi) -0.0003% DC/SC -0.0002% -0.0003%
Water density -0.000041% PSS -0.00001% -0.00001%

DC - Dungeness crab

ES - English sole

PSS — Pacific staghorn sculpin
SC — slender crab

SS - shiner surfperch

SPD - species percent difference
DOC — dissolved organic carbon
POC - particulate organic carbon

Results for the plausible range sensitivity analysis using upper- and lower-bound
parameter estimates are presented in Tables 5-2 and 5-3. Table 5-2 presents the
variability in model output as a function of variability in each input parameter. Table
5-3 presents the results ranked according to the relative response ratio. By normalizing
the magnitude of response to the magnitude of change in input values, this ranking
provides insight into the sensitivity of the FWM similar to the 10% change sensitivity
analysis. All parameters selected based on the 10% change sensitivity analysis were
also identified in the plausible range analysis. In addition, some parameters, beyond
those selected in the 10% change analysis, were identified in the plausible range
analysis, such as water column temperature and water PCB concentration. The relative
response ratio results for the plausible range analysis were consistent with the 10%
change sensitivity in that the all parameters with a maximum SPD of 8% or greater for
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the 10% change sensitivity analysis (Table 5-1, equivalent to a relative response ratio of
0.8 or greater) had a relative response ratio of 0.8 or greater in plausible range analysis

(Table 5-3).

Table 5-2. Results of the plausible range sensitivity analysis for predicted fish

and crab total PCB concentrations

SPECIES WITH !
Maximum Maximum Minmum MEAN
: PARAMETER SPD CHANGE SPD SPD
Dietary absorption efficiency of lipids (alpha) 67% DC 1% 20%
(upper)
Dietary absorption efficiency of lipids (alpha) -54% DC 3% -19%
(lower)
Dietary absorption efficiency of NLOM (beta) -43% DC 22% -29%
(lower)
Sediment PCB concentration (upper) 42% SC 40% 41%
Sediment PCB concentration (lower) -42% SC -40% -41%
Lipid content (upper) 33% DC 11% 16%
Lipid content (lower) -31% DC -11% -16%
Dietary absorption efficiency of NLOM (beta) 28% DC 12% 18%
(upper)
Weight (lower) -25% DC -16% -19%
Lipid density (lower) 20% PSS 12% 15%
: Porewater, fraction ventilated (lower) -17% ES -16% -17%
Weight (upper) 17% bC 13% 15%
Lipid density (upper) -15% PSS -9% -12%
Water column temperature (upper) 12% PSS 8% 10%
: Water column temperature (lower) -12% PSS -8% -9%
Water PCB concentration (upper) 11% SS 9% 10%
B (MAF - proportionality constant for sorption o o o
capacity of NLOM) (upper) 1% SC 3% 6%
B (MAF - proportionality constant for sorption 440 40 Ao
capacity of NLOM) (lower) 1% SC 4% 6%
Dissolved oxygen (DO) (lower) -10% PSS -6% -8%
. Dissolved oxygen (DO) (upper) 10% PSS 6% 8%
© Porewater, fraction ventilated (upper) 8% ES 6% 6%
apoc (proportionality constant for DOC) (upper) 7% SS -5% -6%
Kow (lower) -6% PSS -3% -5%
Kow {upper) 6% PSS 3% 4%
apoc (proportionality constant for DOC) (lower) 6% S8 4% 5%
Water PCB concentration (lower) -5% SS -4% -5%
apoc (proportionality constant for POC) (upper) -5% SS -4% -4%
Water content (lower) 4% JF 0% 2%
Water content (upper) -4% SC 0% -2%
- FWM3:
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................. Sy
Maximum MaAXximum MiNiMuM MEAN
PARAMETER SPD CHANGE SPD SPD
" Sediment organic carbon (OCseq) (lower) 3% ES 3% 3%
apoc (proportionality constant for DOC) (lower) 3% SS 2% 2%
POC concentration in water column (lower) 2% SS 2% 2%
Sediment organic carbon (OCseq) (Upper) -1.9% ES -1.8% -1.8%
POC cohééﬁtration in water column (upper) -1.5% SS -1.2% -1.4% {
: DOC concentration in water column (lower) 1.4% SS 1.0% 1.2% .
'~ DOC concentration in water column (upper) -0.91% SS -0.71% 081% |
A (phﬁoplankton/algae uptake constant) (lower) 0.26% ES 0.15% 0.19% g
A (phytoplankton/algae uptake constant) -0.22% ES . ._.0'13% 016% ;
(upper) |
B (phytoplankton/algae uptake constant) (lower) 0.010% ES 0.006% 0.008% |
B (phytoplankton/algae uptake constant) -0.010% ES -0.006% -0.008% !
(upper) |
Water density (upper) (seawater) 0.000007% PSS 0.000001% 0.000002% :

DC — Dungeness crab

ES - English sole

JF —juvenile fish

PSS — Pacific staghorn sculpin
SC - slender crab

SS - shiner surfperch

SPD - species percent difference
DOC - dissolved organic carbon
POC — particulate organic carbon

Table 5-3. Relative response ratio for upper and lower bound sensitivity
analyses for fish and crab species

% CHANGE IN
. PARAMETER INPUT
RELATIVE RESPONSE RATIO RESPONSE TO CHANGES IN INPUT VALUES VALUES
. SPECIES WITH
: ¢ Maximum MAXIMUM
_ PARAMETER L Maxmum® MEAN® SPD SPD MEeAN SPD MEeAN Maximum®
Dietary absorption i
efficiency of lipids : 2.4 0.9 i 67% DC 20% . 23% 28%
(alpha) (upper) i
Water content (upper) | -2.2 13 | 4% sC 2% 2% 2%
Lipid density (lower) 1.8 -1.4 H -20% PSS 15% -11%
Lipid density (upper) s 1.4 -1.1 t -15% PSS -12% 1%
Dissolved oxygen , o, o : 0
(DO) (upper) : 1.1 0.9 ; 10% PSS 8% . 9%
Dissolved oxygen : 100 _qo a0
. (DO) (lower) 1.1 0.9 10% PSS 8% j 9%
. : ;_
Water column 1.1 09 I 12% PSS 0% 1%
temperature (upper) ! ;
- FWM3:
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T s e i ........ P
‘L i PARAMETER INPUT
l RELATIVE RESPONSE RATIO & RESPONSE TO CHANGES IN INPUT VALUES VALUES |
: | SPECIES WITH
. Maximum MAXIMUM
l PARAMETER MAXIMUM® MeaN® SPD SPD MEAN SPD MEAN MAXIMUM®
Dietary absorption ‘
. efficiency of NLOM b 1.0 11 28% DC 18% 17% 28%
. (beta) (upper) - ’ :
' Water column 10 07 & 12% PSS 9% 12%
temperature (lower) i : :
© Lipid content (upper) 0.9 0.9 4 33% DC 16% 18% 39%
Sediment PCB - 08 08 . 42% | SC 41%  F -50%
concentration (lower) : 4
: Sediment PCB 08 08 ' a2% sC 41% 50%
i concentration (upper) _
l Lipid content (lower) 0.8 1.0 . 31% DC 6% & -16% -39%
Water content (lower) 07 -1.1 L 4% JF 2% -2% -6%
. Kow (lower) ;07 0.6 6% PSS 5% i 9%
' ' Dietary absorption : :
efficiency of lipids 4 0.7 04 ; -54% DC -19% -52% -80%
(alpha) (lower) ; :
l . Kow (upper) Y 04 . 6% PSS 4% 1 10%
. Dietary absorption : ' :;
efficiency of NLOM ' 0.5 0.8 -43% DC -29% G -36% -80%
(beta) (lower)
I e |
. proportionality : : .
constant for sorption ! 0.4 0.2 1% sC -6% £ -29%
capacity of NLOM) !
' (lower) i ’
B (MAF - !
proportionality ‘- : #
constant for sorption 0.4 02 | 11% SC 6% §29%
l capacity of NLOM) :
(upper) S RO WU R SR S
OCsea (lower) i 0.4 -0.4 . 3% ES 3% L -B%
Porewater, fraction 470 179 559 509
' ventilated (lower) ‘ 0.3 03 17% ES 17% ] 55% 50%
© OCiea (upper) { 0.3 03§ -1.9% ES 1.80% 6%
. Weight (lower) 03 0.7 . -25% DC 19% i -29% 7%
Weight (upper) ‘ 0.3 03 f 17% DC 15% ' 57% 55%
Water PCB 02 02 | 5% ss 5% -25%
concentration (lower) ' L
' Water PCB . 02 018 | 1% sS 0% | 55%
concentration (upper) i : g
poc (proportionality i
. constant for DOC) : 0.1 -0.08 i 6% SS 5% g -63%
(lower) i i
Porewater, fraction i 4 5g 008 8% ES 6% i 75% 100%
ventilated (upper) : i
I DOC (lower) . 008 007 | -14% ss 120% & -18%
DOC (upper) 1 0.07 -0.06 0.91% SS -0.81% 14%
. Opoc (proportionality -0.05 -0.03 3% SS 2% -60%
- FWM3:
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PARAMETER INPUT

RELATIVE RESPONSE RATIO RESPONSE TO CHANGES IN INPUT VALUES VALUES |
SPECIES WITH |
MAXIMUM Maximum
. PARAMETER £ Maximum® Mean® . SPD SPD { MEANSPD ~ MEAN Maximum®
. constant for POC) : ;
. (lower) .
. Opoc (proportionality ; |
. constant for DOC) -0.05 -0.04 7% SS 6% i 150%
(upper) |
POC (lower) -0.04 -0.04 | 2% SS 2% -45%
. POC (upper) P .0.04 003 | -150% SS -1.40% 1 41%
: Qpoc (proportionality ‘
constant for POC) H -0.03 -0.03 i -5% SS -4% it 149%
(upper) - ; |
A (phytoplankton/ ; i
algae uptake ? 0.01 0.01 0.26% ES 0.19% § 33%
constant) (lower) : | ;
A (phytoplankton/ i E
algae uptake é 0.01 0.00 f -0.22% ES -0.16% i -33%
constant) (upper) . ) i
B (phytoplankton/ : i
algae uptake . 0.0001 -0.0001 || 0.01% ES -0.01% ' 67%
constant) (upper) | i
B (phytoplankton/ :
algae uptake 0.0001 0.0001 i -0.01% ES -0.01% I -67%
constant) (lower) : ; |
- i {
| Water density (upper) i 4 ggg004 0000001 " 0.000007% PSS 0.000002% | 2%
. (seawater) i :

2 Maximum percent change used for species-specific parameters only.

b Calculated as the mean species percent difference divided by the mean percent change in parameter value.

Percent change for species-specific parameters only.

DC — Dungeness crab

ES - English sole

JF —juvenile fish

PSS — Pacific staghorn sculpin
SC —slender crab

SS - shiner surfperch

SPD - species percent difference
DOC - dissolved organic carbon
POC - particulate organic carbon

Of the 21 parameters evaluated in the upper- and lower-bound analyses, 11 had
maximum responses for fish and crab species greater than 8% (Table 5-2). Five of the
parameters had maximum responses greater than 20%. Six of the parameters had
maximum responses between 10 and 20%. Three of the parameters had maximum
responses between 5 and 10%, and seven of the parameters had maximum responses
between 0 and 5%. A 10% change in predicted tissue concentrations is considered to be
an important change if only one parameter is altered, and thus 10% was selected as the
threshold for the upper- and lower-bound analysis.

Lower Duwamish Waterway Group April 5,@3”035

Port of Seattle | City of Seattie | King County | The Boeing Company Page 31




I

With the threshold for further analysis at 10%, 11 parameters were selected for

inclusion in the uncertainty analysis. When maximum SPDs resulting from the
plausible range analysis were ranked for all species (Table B-3-2), three additional
parameters had maximum SPDs of 10% or greater (Appendix B). Two of these
parameters (apoc and aroc) are environmental parameters related to the
bioavailability of PCBs in water. They were not included in the uncertainty analysis
because they are constants in equations in the FWM rather than true input parameters,
and Crystal Ball®, the software used to run the Monte Carlo uncertainty analysis
(Section 6.0) cannot test parameters within equations. The phytoplankton/algae
uptake constant (A) was included in the uncertainty analysis as a result of advice from
Jon Arnot based on his previous experience with other model applications (Arnot
2005). Table 5-4 presents all the parameters selected for the uncertainty analysis and

the rationale for their inclusion.

Table 5-4. Parameters selected for the uncertainty analysis
PARAMETERS SELECTED FOR THE -
UNCERTAINTY ANALYSES RATIONALE FOR INCLUSION

A (phytoplankton/algae uptake
. constant)

Advice from Jon Arnot (2005) and plausible range results (Table B-3-2)

B (MAF, proportionality constant for
sorption capacity of NLOM)

Plausible range results (Tables 5-2 and B-3-2)

Dietary absorption efficiency of lipids
(alpha)

10% and plausible range resuits (Tables 5-1, 5-2, B-3-1, and B-3-2)

Dietary absorption efficiency of NLOM
(beta)

10% and plausible range results (Tables 5-1, 5-2, B-3-1, and B-3-2)

Dissolved oxygen

10% and plausible range results (Tables 5-1, 5-2, B-3-1, and B-3-2)

KOW

10% results (Table B-3-1) and because Kow is included in numerous
equations in the model

Lipid content

10% and plausible range results (Tables 5-1, 5-2, B-3-1, and B-3-2)

Lipid density

10% and plausible range results (Tables 5-1, 5-2, B-3-1, and B-3-2)

POC

Plausible range results (Tables 5-2 and B-3-2)

Porewater, fraction ventilated

Selected because parameter is highly uncertain (middle of ranking for
plausible range, all species)

Sediment PCB concentration

10% and plausible range results (Tables 5-1, 5-2, B-3-1, and B-3-2)

Temperature water column

10% and plausible range results (Tables 5-1. B-3-1, and B-3-2),

Water content

10% and plausible range results (Tables 5-1. B-3-1, and B-3-2),

Water PCB concentration

Plausible range results (Tables 5-2 and B-3-2); 10% resuits (Table B-3-1)

Weight

Plausible range results (Tables 5-2 and B-3-2)

5.1.2.2  Evaluation of model sensitivity to parameters

Table 5-4 presents parameters selected for the uncertainty analyses, but also serves as
a list of sensitive parameters for the FWM. This list of parameters will serve as a guide
for future calibration. Parameters to which the FWM is most sensitive and have the
highest potential variability or uncertainty will have the greatest impact on predicted
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PCB tissue concentrations during calibration. Those parameters with a combination of
high sensitivity and high uncertainty (e.g., dietary absorption efficiency of lipids) will
be calibrated to ensure that a selected parameter value is falling within a true range of
plausible mean values. Parameters to which phytoplankton are sensitive, but fish and
crab are not (i.e., phytoplankton A and apoc and aroc), will not be useful parameters
for calibrating the FWM for target species. Phytoplankton will not be calibrated
because no empirical PCB tissue data exist for this model compartment.

5.2 WATER SCENARIOS

This section presents the results of preliminary model runs to assess the sensitivity of
the FWM to total PCB concentrations in the water column. Water sensitivity is being
addressed in more detail than other input parameters to provide additional
information to decide whether additional water data should be collected in 2006 to
support the FWM. The need for collection of additional surface water data will be
determined in late spring 2006 based on: 1) the sensitivity of the FWM to total PCB
concentrations in water, 2) the relative uncertainty in model predictions attributable to
the uncertainty in total PCB concentrations in water versus other parameters, and 3)
the variability of total PCB concentrations in water over smaller spatial scales, as
predicted by the EFDC model and magnitude of effect on FWM predictions.

5.2.1 Methods

The FWM with the initial set of input values was run at the LDW-wide spatial scale
five times with five different total PCB concentrations in water (1, 2, 3, 5, and 10 ng/L).
These concentrations were selected to evaluate model sensitivity at empirical
concentrations detected in the LDW in August 2005 (1 to 3 ng/L) and to evaluate
model sensitivity at higher concentrations (up to 10 ng/L). The PCB concentrations in
water to be used in the model runs for the Phase 2 RI will ultimately be determined

based on output from the recalibrated EFDC model (as discussed in Sections 8.0 and
9.0).

5.2.2 Results

To assess the sensitivity of the FWM to changes in total PCB concentrations in water,
total PCB concentrations in tissue were predicted using each of the five different total
PCB concentrations in water. These predictions were then compared to empirical data
to assess both FWM performance (as measured by SPAFs; Table 5-5) and the
sensitivity of the WM to variation in total PCB water concentrations (i.e., differences in
predictions of total PCB tissue concentrations relative to differences in total PCB water
concentrations; Table 5-6).

Model performance (as measured by SPAFs) was best for the lowest water
concentration (1 ng/L) (Table 5-5; Figure 5-1). This result is consistent with the fact
that the FWM is generally over-predicting (Section 3.2) based on the initial set of
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parameters (which assumed a water concentration of 2 ng/L). At the highest water
concentration (10 ng/L), the average SPAF was 3.3 (with species-specific SPAFs
ranging from 2.0 to 5.7) compared to an average SPAF of 1.8 (with species-specific
SPAFs ranging from 1.9 to 2.9) for the 1 ng/L scenario.

Water Scenario with 2 ng/L Total PCBs in Water

Table 5-5. Preliminary LDW-wide FWM results for five water scenarios compared
to emplrlcal total PCB tissue concentratlons (all data sets comblned)
MEAN EMPIRICAL MODEL- PREDICTED 7 s SPECIES OVERPREDICTION
TOTAL PCBs TISSUE ToTAL PCBs TISSUE ; PREDICTIVE (+) OR
CONCENTRATION" CONCENTRATION % ACCURACY UNDERPREDICTION
SPECIES {(ng/kg ww) (Hg/kg ww) DIFFERENCE® FACTOR® (-)

Water Scenario with 1 ng/L Total PCBs in Water
Various phytoplankton nd 24 na na na
Various zooplankton nd 36 na na na
Benthic invertebrates 170 290 71% 1.7 +
Juvenile fish nd 1,186 na na na
Slender crab 620 822 33% 1.3 +
Dungeness crab 980 2,453 150% 25 +
Pacific staghorn sculpin 900 2,641 193% 29 +
Shiner surfperch 1,800 1,781 -1% 1.0 -
English sole 2,300 2,527 10% 11 +
All Species
Mean 76% 1.8
Maximum 193% 29

{ Minimum -1% 1.0

Various phytoplankton nd a7 na na na
Various zooplankton nd 73 na na na
' Benthic invertebrates 170° 311 83% 1.8 +
Juvenile ﬁsﬁ. nd 1,315 ....... . na na na
| Slender crab 620 893 44% 1.4 +
Dungeness crab 980 2,705 176% 2.8 +
Pacific staghorn sculpin 900 2,921 225% 3.2 +
Shiner surfperch 1,800 1,986 10% 1.1 +
English sole 2,300 2,752 20% 1.2 +
- All Species
Mean 93% 1.9
Maximum 225% 3.2
Minimum 10% 1.1

Water Scenario with 3 ng/l. Total PCBs in Water

Various phytoplankton nd 71 na na na

Various zooplankton nd 109 na na na
| Benthic invertebrates 170° 332 95% 2.0 +

Juvenile fish nd 1.444 na na na
Slender crab ; 55% 1.6 + |
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OVERPREDICTION

MEAN EMPIRICAL SPECIES
TotaL PCBs TISSUE TOTAL PCBS TISSUE PREDICTIVE (+)or
CONCENTRATION? CONCENTRATION % ACCURACY UNDERPREDICTION
SPECIES (ng/kg ww) (ng/kg ww) DIFFERENCE” FACTOR® (<)
Dungeness crab 980 2,958 202% 3.0 +
Pacific staghorn sculpin 900 3,202 256% 3.6 +
Shiner surfperch 1,800 2,190 22% 1.2 +
English sole 2,300 2,976 29% 1.3 +
- All Species
Mean 110% 2.1 |
Maximum 256% 3.6
Minimum 22% 1.2

otal PCBs in Water

Water Scenario 5 ng/L T

- Various phytoplankton nd 118 na na na

‘ Various zooplankton nd 181 na né né
Benthic invertebrates 170° 373 119% 22 +
Juvenile fish nd 1,702 na na na
Slender crab 620 1,106 78% 1.8 +
Dungeness crab 980 3,463 253% 3.5 +
Pacific staghorn sculpin 900 3,762 318% 4.2 +
Shiner surfperch 1,800 2,598 44% 14 +
English sole 2,300 3,426 49% 1.5 +
All Species
Mean 144% 2.4

- Maximum 318% 42

{ Minimum 44% 1.4

Water Scenario 10 ng/L Total PCBs in Water

: Various phytoplankton 236 na na na
- Various zooplankton nd 363 na na na
: Benthic invertebrates 170° 477 181% 2.8 +
Juvenile fish nd 2,347 na na ) na
Slender crab 620 1,461 136% 2.4 +
Dungeness crab 980 4,725 383% 4.8 +
: Pacific staghorn sculpin 900 5,162 474% 57 +
: Shiner surfperch 1,800 3,618 101% 2.0 +
English sole 2,300 4,549 98% 20 +
All Species
: Mean 228% 33
Maximum 474% 5.7
Minimum 98% 2.0

a

Empirical data from historical and Phase 2 (2004 and 2005) combined.

b  The percent difference is the difference between the predicted and empirical tissue chemical concentration divided by the
empirical tissue chemical concentration.

¢  The SPAF is defined as the ratio of the predicted concentration divided by the empirical concentration if the predicted
concentration is higher than the empirical concentration, and the reciprocal if the predicted concentration is lower than the

empirical concentration.
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d  Concentration predicted from sediment-tissue PCB regression at an LDW-wide PCB SWAC of 250 pg/kg dw.
na — not applicable — no data
ww — wet weight

Figure 5-1. Preliminary model run results for the LDW-wide scale for five water
scenarios compared to empirical total PCB tissue concentrations
(all data sets combined)

9000 T
8000
7000
Empirical Data
Maximum
6000 T
- | 3rd quartile
; X Mean
% 5000 ¥ 1st quartile
2 * e Minimum
é © FWM predicted @ 1ng/L
o 4000 = l 0 FWM predicted @ 2 ng/L
g o | A FWM predicted @ 3ng/L
3000 i = " © FWM predicted @ 5 ng/L
g ? o ° + FWM predicted @ 10 ng/L
X A
2000 58
b4
+
1000 X %
0
see note n=6 n=5 n=28 n=45 n=51
Benthic Dungeness crab | Slender crab | Pacific staghorn | English Sole | Shiner surfperch
invertebrates sculpin

Note — Empirical benthic invertebrate data distributions represented by the green bar are the mean and 95% upper-
and lower-confidence interval concentrations predicted using the benthic invertebrate sediment-tissue
regression and the LDW-wide SWAC for PCBs.

Table 5-6 presents predicted total PCB concentrations in tissue for the five water

concentrations and reports the factor by which predictions at each water concentration

differ from tissue predictions at 1 ng/L. These results indicate that predicted total PCB
tissue concentrations in species with high water dependencies (e.g., phytoplankton)
are highly sensitive to total PCB water concentrations (i.e., a 10-fold change in the total

PCB water concentration resulted in a 10-fold change in the predicted total PCB

concentration in phytoplankton). The FWM was less sensitive to water concentrations

when predicting total PCB concentrations for crab and fish tissues (i.e., a 10-fold
change in the water concentration resulted in a two-fold change in the predicted total

PCB concentration in crabs or fish).
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Table 5-6. Model sensitivity to total PCB concentration in water based on preliminary LDW-wide model runs for
five water scenarios
' WATER SCENARIOS
1NG/ILPCB
CONCENTRATION 2 NG/L PCB CONCENTRATION IN 3 NG/L. PCB CONCENTRATION IN 5NG/L PCB CONCENTRATION IN | 10 NG/L PCB CONCENTRATION IN
IN WATER WATER WATER WATER WATER
MODEL MODEL MODEL MODEL MODEL FACTOR
PREDICTED PREDICTED FACTOR PREDICTED FACTOR PREDICTED FACTOR PREDICTED DIFFERENCE
TOTAL PCBS IN ToTAL PCBs IN DIFFERENCE TOTALPCBSIN | DIFFERENCE | TOTALPCBSIN | DIFFERENCE | TOTALPCBSIN (between
TISSUE TISSUE (between 2 TISSUE (between 3 TISSUE . (between 5 TISSUE 10 and 1
SPECIES (ng/kg ww) (Hg/kg ww) and 1 ng/L) (ug/kg ww) and 1 ng/L) (Hg/kg ww) and 1 ng/L) {(Hg/kg ww) ng/L)
Various phytoplankton 24 47 2.0 71 3.0 118 5.0 236 10
Various zooplankton 36 73 2.0 109 3.0 181 5.0 363 10
Benthic invertebrates 290 311 1.1 332 1.1 373 1.3 477 1.6
Juvenile fish 1,186 1,315 1.1 1,444 1.2 1,702 1.4 2,347 2.0
Slender crab 822 893 11 964 1.2 1,106 1.3 1,461 1.8
Dungeness crab 2,453 2,705 1.1 2,958 1.2 3,463 1.4 4,725 1.9
Pacific staghorn 2,641 2,921 1.1 3,202 12 3,762 14 5,162 2.0
sculpin
Shiner surfperch 1,781 1,986 1.1 2,190 1.2 2,598 1.5 3,618 20
English sole 2,527 2,752 1.1 2,976 1.2 3,426 1.4 4,549 1.8
All Species
Average factor 1.3 1.6 2.2 3.7
difference
Maximum factor 20 30 50 10
difference
Minimum factor 11 11 13 16
difference .
ww - wet weight
- FWM3:
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6.0 Uncertainty Analysis

An uncertainty analysis evaluates the effect of uncertainty in input parameters on
model output. The purpose of this uncertainty analysis was to characterize
quantitatively the combined effect of selected parameters’ uncertainties on the
prediction of total PCB concentrations in tissue. Parameters were selected based on the
results of the sensitivity analyses (see Section 5.0). As discussed in FWM
Memorandum 2 (Windward 2005b), the uncertainty analysis was performed by Monte
Carlo simulation using Decisioneering® Crystal Ball® Version 7.0 software for the
LDW-wide scale. The results of the uncertainty analysis can be used to evaluate
confidence in model output (e.g., what is the distribution of model estimates when the
uncertainty in input parameters is considered?).

6.1 METHODS

In Monte Carlo simulation modeling, probability distributions, rather than point
estimates, are assigned for input parameters if sufficient data are available to describe
the distribution and if the FWM is sensitive to a given parameter. The probability
distributions reflect the relative likelihood of different values for each parameter. For
the purpose of this analysis, parameter uncertainty includes both uncertainty (because
of insufficient information) and variability (because of inherent differences in
parameter values).

Using Crystal Ball® software, the Monte Carlo version of the FWM was run 10,000
times. During each model iteration, different combinations of values for each input
parameter were randomly selected from the probability distribution for each
parameter. In contrast to the sensitivity analysis where only one parameter was varied
at a time, all parameters in the Monte Carlo uncertainty analysis are varied
simultaneously during each model iteration. Output from this uncertainty analysis
consists of distributions of the relative probability of predicted tissue concentrations
for each species based on the distributions of FWM input parameter values. This
information is useful for calibrating the FWM and interpreting model results.

6.1.1 Assigning distributions for model parameters

The first step in running the Monte Carlo model is the development of parameter
distributions. Parameters were included in the uncertainty analysis if they were
identified as sensitive in the sensitivity analysis (Section 5.0). Because these parameters
have the greatest effect on model output, they were further investigated in the
uncertainty analysis.

The same datasets used to develop the initial set of values for the FWM and the sensitivity
analyses were used to identify distributions for parameters included in the uncertainty
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analysis. In assigning these distributions, relevant data for each parameter were
considered. As recommended by MacIntosh et al. (1994), the assignment of a distribution
was influenced by the quality of the available data. The approaches for developing
distributions to represent variability and uncertainty of each parameter, as well as actual
distribution assignment for each parameter, are described in detail in Appendix C.
Distributions were developed for 10 non-species-specific environmental, chemical, and
biological parameters, and 45 species-specific parameters (e.g., nine lipid content
parameters, one for each of the nine modeled species). The distributions were selected
such that the initial set of model values for the LDW-wide scale (as described in Section
3.1 and Appendix A) were always the mean or mode of the distribution assigned for the
parameters included in the uncertainty analysis (Appendix C). These distributions were
entered into the Monte Carlo version of the FWM.

6.1.2 Correlation

Some parameters, such as percent lipids and water content, are expected to be
correlated in organisms. The assignment of correlation coefficients for correlated
parameters prevents improbable combinations of values. For example, if water content
and lipid content are inversely correlated, a combination of high lipid content and
high water content values will not be allowed. Thus, inclusion of correlations in the
FWM for these parameters reduces the likelihood of unrealistic combinations of
different parameters during model iterations. To evaluate correlations, data that can
be reasonably matched (in time and location or by sample specimens) must be
available and be similarly robust in terms of number of samples and data quality. For
parameter pairs expected to be correlated for biological or environmental reasons, a
correlation test was performed if adequate data for the test were available. Correlation
coefficients were calculated for several water quality parameters (i.e., water
temperature, dissolved oxygen, and particulate organic carbon) and biological
parameters (i.e., species lipid content and water content) and included in the Monte
Carlo version of the model. The assignment of parameter correlations is discussed in
detail in Appendix C.

6.2 RESULTS

The results of the Monte Carlo modeling are distributions of predicted total PCB tissue
concentrations for the five target species. These distributions describe the uncertainty
of the FWM in predictions for different species.

An example of the Monte Carlo model output is presented in Figure 6-1. The output in
this example is a frequency distribution of model predictions of total PCB
concentrations in English sole tissue. Figure 6-2 shows the same English sole
predictions as a cumulative frequency distribution. In both figures, the left y-axis
indicates the probability of particular output values, and the right y-axis indicates the
frequency of output values. Note that the total number of output values is 10,000 (the
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number of model iterations). The cumulative frequency presentation is commonly
used for Monte Carlo model results because it allows the viewer to easily identify
different percentiles of prediction likelihood. For example, the 95t percentile
probability is approximately 3,800 ng/kg ww for English sole (i.e., 95% of the Monte

Carlo model results are below 3,800 ug/kg ww).

Figure 6-1.
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Figure 6-2. Cumulative frequency results from the Monte Carlo model showing

predicted total PCB concentrations in English sole tissue
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Table 6-1 provides a summary of model output and a comparison of predictions to
empirical data for all modeled species. The 5t, 50th, and 95t percentiles and mean of
the model predictions provide a general description of the model output. The full
range of model output includes the extreme minimum and maximum predictions
from the FWM, which are also among the least likely model predictions.
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Table 6-1. Results of the preliminary uncertainty assessment conducted on an LDW-wide scale

ESSMENT RESULTS EmMPIRICAL TISSUE DATA
50™ :
PERCENTILE 95™ i
§™ PERCENTILE (MEDIAN) PERCENTILE RANGE OF MEAN OF MEDIAN RANGE OF
PREDICTEDTOTAL PREDICTED PREDICTEDTOTAL PREDICTED PREDICTED MEAN EMPIRICAL ;| EMPIRICAL TOTAL | EMPIRICAL TOTAL
PCB ToTaL PCB PCB ToTaL PCB ToraL PCB ToTAL PCB PCB PCB
CONCENTRATION CONCENTRATION CONCENTRATION CONCENTRATION CONCENTRATION CONCENTRATION CONCENTRATION CONCENTRATION
IN TISSUE IN TISSUE IN TISSUE IN TISSUE IN TISSUE (ug/kg IN TISSUE IN TISSUE IN TISSUE SOURCE
SPECIES (Hglkg ww) (Hg/kg ww) (Halkg ww) (pglkg ww) ww) (Ha/kg ww) (Bglkg ww) (rglkgww) | OF EMPIRICAL DATA
Phytoplankton 28 45 66 8-93 46 nd nd nd
Zooplankton 36 69 116 7-192 71 nd nd nd
Predicted based on a
SWAC of 250 pg/kg dw total :
PCBs in sediment and a i
¢ Benthic a a tissue-sediment regression
invertebrates 17 253 459 16 - 807 266 170 na 136 - 200 derived from 20 co-located
benthic invertebrate and
surface sediment samples
collected in Phase 2 (2004)
. Juvenile fish 488 1,047 1,925 150 - 3,695 1,107 nd nd nd
Slender crab 281 571 1,101 56 - 2,608 614 620° 650° 250 - 800" Phase 2 (2004, 2005) data
Dungeness b b b Historical and Phase 2
crab 465 1,596 3.910 30 -10,377 1,816 1,000 640 420 - 1,900 (2004, 2005) data
Pacific
staghorn 1,021 2,277 4,269 325-7,972 2,411 900 720 430 - 2,800 Phase 2 (2004, 2005) data
sculpin
Shiner Historical and Phase 2
suriperch 703 1,552 2,863 175 - 4,940 1,637 1,800 1,120 350 - 18,000 (2004, 2005) data
English sole 1,075 152 3,796 259 - 7,294 2,257 2,300 1,885 610 - 4,700 Phase 2 (2004, 2005) data

Appendix B (Section B.2.2) for details on range selection.
° Based on mean Phase 2 (2004, 2005) data. Whole-body total PCB concentrations in crabs were calculated as weighted means [(0.31 x hepatopancreas total PCB concentration)

+ (0.69 x edible meat total PCB concentration)).

dw — dry weight

Concentration predicted from sediment-tissue PCB regression at an LDW-wide tota

| PCB SWAC of 250 pg/kg dw (for mean) or plausible range of 125 to 375 ug/kg dw. See

na — Not applicable — insufficient information to calculate median (range based on upper and lower estimated concentrations [see footnote a]).

nd — no data

SWAC - spatially weighted average concentration

ww — wet weight
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The predicted means presented in Table 6-1 differ from the predicted concentrations
presented in Table 3-2 because the values in the Table 6-1 are the mean of 10,000
estimates generated by the Monte Carlo analysis. Table 3-2 presents the best single
estimate using the model. The predicted tissue concentrations in Table 3-2 are higher
than the predicted means in Table 6-1. This difference reflects the parameter
distributions included in the Monte Carlo model, which overall were skewed to the
left (see Appendix C for details on distributions).

Dungeness crab was the species with the widest range of predicted total PCB
concentrations. The range is probably widest for Dungeness crab for two reasons.
First, invertebrates have wider ranges than fish for some key estimated parameters
(such dietary absorption of lipids and NLOM). Second, Dungeness crab is a higher-
trophic-level species and thus has more uncertain parameters contributing to the
distribution than phytoplankton, for example. In future FWM calibration, efforts will
be directed toward refining the model parameters that should create the greatest
reductions in the model’s uncertainty. Knowing which species have the largest range
of output from the Monte Carlo model can be useful for focusing these efforts.

The range of empirical total PCB concentrations for shiner surfperch was much greater
than that for other species, and the model predictions did not bound this range

(Table 6-1). In particular, there was one shiner surfperch sample with an exceptionally

high concentration (18,000 pg/kg). The Monte Carlo model predictions did not bound

the highest empirical total PCB concentration for shiner surfperch.

Comparison of several other predicted and empirical summary statistics provides
confidence in the distributional shape of the output and predictive capability of the
uncertainty model. In all cases, species-specific predicted means exceeded predicted
medians (50t percentile). Means were also greater than medians in empirical data on a
species-specific basis, indicating that there is some similarity between empirical and
predicted distributions. In addition, the 5% and 95t percentiles of predicted tissue
concentrations were, with the exception of shiner surfperch, within a factor of 3 or
better of the empirical minimum and maximum concentrations, respectively. Taken
together, these results indicate that the model, with uncertainty considered, provides
predictions that are consistent with the variability of empirical total PCB
concentrations in fish and crab tissue.

In summary, the Monte Carlo model results bolster overall confidence in model
predictions because the predicted distribution of total PCB tissue concentrations is
similar to the distribution of empirical total PCB tissue concentrations. The Monte
Carlo model results may be used to focus future modeling efforts on parameters
important for species with the largest variations between empirical and predicted
tissue concentration distributions, based on both the shape of the distributions and the
numerical values. In addition to potentially improving future single-point “best
estimate” model predictions (non-Monte Carlo model runs), calibration efforts may
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also help reduce the uncertainty for some parameters, and therefore, reduce the
variability of model output (uncertainty range) in future Monte Carlo model analyses.
The modeling presented in this memorandum has been performed on an initial model
input parameterization (see Section 2.0). Once the FWM is calibrated, the variability in
the Monte Carlo output will be reassessed and summarized in the Phase 2 RL

7.0 Smaller Spatial Scales

In addition to the LDW-wide scale, the FWM was also run at the smaller spatial scale
of the four modeling areas (Figure 2-1). This section presents the results of the
modeling-area-scale runs.

Modeling areas were defined as the four fish and crab tissue sampling areas extended
out to the center point between tissue sampling areas (Figure 2-1). This scale was
selected because it represents a smaller scale than the LDW-wide scale that can still be
directly compared to empirical data on a similar scale from the LDW. Most of the
modeled species are likely to have foraging areas that are smaller than the entire LDW
based on consultation with local fish experts, although uncertainty exists regarding the
absolute size of these areas. Therefore, two different spatial scales are being modeled
(i.e., LDW-wide and modeling area scales). This section presents the results of the
modeling area scale runs.

71 METHODS

Input parameter values that were changed from those used in the LDW-wide scale in
order to run the FWM on the modeling area spatial scale included the total PCB
concentration in sediment, the organic carbon content of the sediment, fish and
invertebrate lipid contents and water contents, and fish and crab weights. Otherwise,
all input parameter values used in the preliminary LDW-wide model runs were used
(including dietary scenario 1). Specific parameter values for the modeling areas are
presented in the input parameter value tables in Appendix A (Tables A-1-2, A-2-1,
A-2-2, A-2-3, A-3-1, and A-4-1). Predicted total PCB concentrations in tissue were
compared to empirical data from the area modeled.

7.2 RESULTS

Table 7-1 and Figure 7-1 present initial model results for the four modeling areas.
Predicted total PCB concentrations in fish and crab tissue were generally within a
factor of 3 and less than 200% different from empirical total PCB concentrations for
most species. Predictions for Dungeness crabs and Pacific staghorn sculpin were
generally higher than empirical data, but were still within a factor of 5 and less than
400% different from empirical concentrations for all modeling areas. Further
refinement of the FWM will be conducted for Dungeness crabs and Pacific staghorn
sculpin if this scale is deemed appropriate for these target species.
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Table 7-1.  Preliminary model run results at the modeling area scale compared
to empirical total PCB tissue concentrations (all data sets
combined)
e e S 1
TOTAL PCB TOTAL PCB PREDICTIVE . OVERPREDICTION (+)
. CONCENTRATIONIN | CONCENTRATIONIN ! % ACCURACY OR
SPECIES - TISSUE (ug/kg ww)” | TISSUE (Mg/kg ww) | DIFFERENCE® FACTOR® UNDERPREDICTION (-} |
Phytoplankton na |
Zooplankion . e |
Benthlc |nvertebrat;§ 180 363 102% 2.0" - +
- Juvemle f'sh o o ng ) M1M483M - -na na na
Slender crab ) "(.550 947 46% 1.5 +
 Dungeness crab 830 3,569 330% 43 + |
: Pamf ic staghorn sculpin 720 3392 371% 47 + |
e B B 5100 gty s -
...... i sole o 2600 S0 14% R —
...... A Smeioe T T O
e o 5
Maximum 371% 47

Minimum

14%

Phytoplankton nd 47 na na na
Zooplankton ''''' nd 73 na na na
- enth|c |nvertebrates . ST oos o o :
Juvemle f'sh nd 1,037 - na nc na~
" Slender crab 600 661 10% 1.1 v
Dungeness crab nd . "'2,048 ) .
PaCIﬁC staghorn sculpin | 750 2 343 .
. Shiner sﬁffperch 2,800 1 592
English sole 2,900 2319
Mo
. Minimum
Modeling Area ;
;_Phy_tpplankton nd ) ) 47
Zooplankién ....... e - S
......... 220 e
- T 862
TR 1272
1000 3,131
 Pacific staghom sculpin 1400 3,919
Ceibersaerch T - 700 ..................... 2938
. English sole 2,000 3893

Al SpeCIes

: Mean

Maxnmum
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MEAN EMPIRICAL MODEL-I;REDICTED """"""" SpeciEs | l
ToTAL PCB ToTtAL PCB PREDICTIVE OVERPREDICTION (+) E
CONCENTRATION IN CONCENTRATION IN % ACCURACY OR i
SPECIES TISSUE (ug/kg ww)® | TISSUE (pg/kg ww) | DIFFERENCE® FacTOR® UNDERPREDICTION {-) |
Minimum 9% 1.1
[Modelingreas | | | | |
Phytoplankton nd 47 na na na
Zooplankton nd 73 na na na
Benthic invertebrates 92 76 -17% 1.2 -
Juvenile fish nd 409 na na na
Slender crab nd 257 na na na
Dungeness crab 1,200 774 -36% 1.6 -
Pacific staghorn sculpin 730 842 15% 1.2 +
Shiner surfperch 840 661 21% 1.3 -
- English sole 1,400 781 -44% 1.8 -
All Species
Mean -21% 1.4
Maximum 15% 1.8
. Minimum -44% 1.2

2 Empirical data from historical and Phase 2 (2004 and 2005) combined. Empirical data were not directly used for benthic
invertebrates. Instead, the concentrations presented for benthic invertebrates are based on a tissue/sediment regression.

b The percent difference is the difference of the predicted and empirical tissue chemical concentration divided by the empirical
tissue chemical concentration.

¢ The SPAF is defined as the ratio of the predicted concentration divided by the empirical concentration if the predicted
concentration is higher than the empirical concentration, and the reciprocal if the predicted concentration is lower than the
empirical concentration.

na — not applicable
nd - no data
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Figure 7-1. Preliminary model run results at the modeling-area scale compared
to empirical total PCB tissue concentrations (all data sets combined)
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Note — Empirical benthic invertebrate data distributions represented by the green bar are the mean and 95% upper-
and lower-confidence interval concentrations predicted using the benthic invertebrate sediment-tissue
regression and the SWACs for total PCBs for each of the four modeling areas.

M1 through M4 — modeling areas 1 through 4

Bl — benthic invertebrate PSS - Pacific staghorn sculpin

SC — slender crab

SS - shiner surfperch

DC - Dungeness crab
ES — English sole

Predictions for modeling area 4 were most similar to empirical data, with a mean
SPAF of 1.4 and mean percent difference of -21%. For this modeling area,
concentrations of total PCBs in all species except Pacific staghorn sculpin were under-
predicted. Predictions for modeling area 2 were also similar to empirical data (mean
SPAF of 1.8, mean percent difference of 46%). In this area, concentrations for shiner
surfperch and English sole were under-predicted, whereas concentrations in benthic
invertebrates, slender crabs, and Pacific staghorn sculpin were over-predicted.
Modeling area 2 had no empirical data for Dungeness crabs, so the mean SPAF for that
modeling area was an average of five instead of six species. Dungeness crabs had
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higher SPAFs and percent differences than the other modeled species for modeling
areas 1 and 3, increasing the mean SPAF and percent difference for those areas.

8.0 Lessons Learned

The purpose of this memorandum is to present preliminary results of the FWM to
further elucidate model assumptions and sensitivities. This section presents an
overview of key findings as well as key sensitivities and uncertainties to consider in
the final phase of the food web modeling to be included in the Phase 2 RL

8.1 MODEL PERFORMANCE

This memorandum presented preliminary model results for five target species
(Dungeness crab, slender crab, English sole, shiner surfperch, and Pacific staghorn
sculpin). As discussed in Section 1.0, these model results are preliminary pending final
resolution of water data, sediment interpolation, and a few other key assumptions in
the FWM (e.g., dietary scenarios). In general, however, the predicted concentrations of
total PCBs in tissues of the five target species were within a factor of 3.2 of empirical
data (all datasets combined) on the LDW-wide scale (Table 3-2), and therefore, met the
model performance criterion.

8.2 FUTURE MODEL RUNS

Before its presentation and application in the Phase 2 RI, the FWM will be calibrated to
optimize its ability to predict concentrations of PCBs in the tissues of target species.
The calibration process will be conducted in consultation with EPA and Ecology. This
section describes some of the key results and decisions to be made.

8.2.1 Choice of empirical dataset to evaluate model performance

As discussed in Section 3.1, several datasets are available to evaluate model
performance (i.e., historical, Phase 2 [2004], Phase 2 [2005], and a combination of the
datasets). Total PCB concentrations in tissue were consistently lower in historical data
and data from 2005 compared to 2004 data (Table 3-3 and Figure 3-2). The preliminary
results of the FWM presented in this memorandum were generally compared to the
combined dataset, although the LDW-wide results were also compared to the 2004
and 2005 data separately.

The FWM performance, on an LDW-wide scale, was generally similar whether it was
evaluated using the 2004 dataset or all datasets combined, potentially because the 2004
dataset is the largest dataset available. The model performance when compared to the
2005 dataset was similar to that for the combined datasets for shiner surfperch and
English sole. However, the model-predicted total PCB concentrations for slender crab,
Dungeness crab, and Pacific staghorn sculpin were higher than the empirical total PCB
concentrations for those species in 2005 (with SPAFs ranging from 3.6 to 6.3). These
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results do not necessarily imply that the 2004 dataset is the most appropriate dataset
for calibration. The dataset that will be used as the source of empirical data for
calibration of the FWM will be determined through discussions with EPA and Ecology
after completion of this memorandum.

8.2.2 Sensitive parameters to focus on for future calibration

One purpose of the sensitivity analyses was to develop a list of parameters ranked
according to model sensitivity. Two types of sensitivity analyses were conducted. The
first analysis was conducted by changing each input parameter 10% independently
and assessing the impact on model output (i.e., predicted total PCB concentrations in
tissue). The second analysis was conducted by running the FWM with reasonable
upper- and lower-bound input parameter estimates separately and assessing the
impact on model output.

The results of these analyses are presented in Table 8-1. In general, calibration will
proceed by assessing the variability and uncertainty of each sensitive parameter.
Parameters to which the model is sensitive, and which are highly uncertain, have the
greatest potential to affect model predictions, while keeping parameter values within
reasonable bounds.

Table 8-1. Ranking of the most sensitive input parameters for target species
based on the results of the two sensitivity analyses

10% SENSITIVITY ANALYSIS UPPER- AND LOWER-BOUND SENSITIVITY ANALYSIS
MosT SENSITIVE PARAMETERS FOR TARGET SPECIES MosT SENSITIVE PARAMETERS FOR TARGET SPECIES
(and maximum SPD, absolute value) (and maximum SPD, absolute value)
Dieiz;ry absorption efﬁcieﬁcy of lipids (alpha)"(24—;/o) Dietary absorption efficiency of libids (alpha) (67%)
Water content (18%) Dietary absorption efficiency of NLOM (beta) (54%)
Lipid density (17%) Sediment PCB concentration (42%)
Food ingestion rate (Gp) (14%) Lipid content (33%)
Lipid co"n;ent (14%) Weight (25%)
Dissolved oxygen (DO) (11%) i Lipid density (20%)
IIIIIIIIIIIIIIIII . Watercolumn témp;ratu.re (10%) Porewater, fraction ventilated (17%)
Dietary absorption efficiency of NLOM (beta) (9%) Water column temperature (12%)
Sediment PCB concentration (8%) WatermPCB concentration (11%)
Kow (7%) B (MAF, proport.ionality constant for sorption
capacity of NLOM) (11%)

8.2.3 Dietary scenarios

The sensitivity of the FWM and relative model performance to several plausible
dietary scenarios was investigated for the five target species (Section 4.0). In general,
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predictions based on dietary scenario 2 most closely matched empirical data, except
for Pacific staghorn sculpin, for which predictions based on dietary scenario 3 most
closely matched empirical data.

Using the initial set of input values and dietary scenario 1, total PCB concentrations in
tissues of Dungeness crab and Pacific staghorn sculpin were most overpredicted.
These species are omnivores and both consume significant proportions of shrimp and
juvenile crabs. Both species may also consume small/juvenile fish. The fact that both
these species are being overpredicted using dietary scenario 1 may be related to either
the designated fraction of juvenile fish in their diet or the fact that benthic
invertebrates make a poor surrogate for shrimp and juvenile crabs. Dietary scenarios
for these species in particular, and possibly for all target species, will be further
investigated in future model runs.

8.2.4 Benthic invertebrate model compartment

Benthic invertebrates are one of the key prey species for the fish and crabs being
modeled. Empirical tissue data are available for benthic invertebrates (a total of

20 subtidal and intertidal composite tissue samples). The collection of these data was
not designed to provide a representative sampling of PCB concentrations in benthic
invertebrate tissue throughout the LDW. Instead, the study was designed to sample
various locations and to provide a sampling of the range of PCB concentrations in
sediment. The data were collected in this manner to determine the relationship
between total PCB concentrations in tissue and sediment through the use of an
accumulation factor (or regression).

As a result, there are two different approaches to estimate representative
concentrations of total PCBs in benthic invertebrate tissue: 1) using the mechanistic
FWM, or 2) using the regression analysis in combination with a spatially weighted
average total PCBs concentration in sediment for the LDW scale being evaluated. Both
approaches to predicting representative PCB concentrations in benthic invertebrate
tissue have uncertainties. Species-specific parameters for benthic invertebrates that
could be calibrated in the FWM are diet (including sediment PCB concentrations as a
surrogate dietary item), weight, lipid content, NLOM content, or fraction of porewater
ventilated. Uncertainties in the regression analysis include sediment PCB
concentration and extrapolation of point-by-point relationships between sediment and
tissue to LDW-wide conditions.

The FWM is generally overpredicting the concentrations of total PCBs in fish and
crabs (Table 3-2). Therefore, because of the uncertainties associated with values for
benthic invertebrate input parameters in the FWM and the fact that the model is
overpredicting total PCB concentrations in consumers of benthic invertebrates, the
sediment-benthic invertebrate tissue regression (described in Appendix A,

Section A.2.4) is recommended in place of the Arnot and Gobas benthic invertebrate

Lower Duwamish Waterway Group April ?YX?,”O%

Port of Seattle | City of Seattle | King County | The Boeing Company Page 50



model compartment for future model runs at the LDW-scale based on the current
input values. When the FWM is run at the LDW-wide scale with benthic invertebrate
tissue concentrations based on the regression approach, model predictions for all
species are more similar to empirical data (Table 8-2). If smaller scales are preferred for
certain target species, or if input parameters are changed significantly, this
recommendation should be revisited to verify that it still optimizes model
performance.

Table 8-2. Model results for LDW-wide scale with initial set of input values
using sediment-tissue regression for benthic invertebrates

MEAN EMPIRICAL

MODEL-PREDICTED SPECIES OVERPREDICTION
TotaL PCB TotaL PCB PREDICTIVE (+)or
CONCENTRATION IN CONCENTRATION IN % ACCURACY | UNDERPREDICTION
SPECIES TISSUE (ug/kg ww) TISSUE (ug/kg ww) DIFFERENCE® FACTOR" -)
: Various phytoplankton nd 47 na na na
“V;—r‘i‘ous zooplankton nd 73 na na na
Benthic invertebrates 173 173 2% 1.0 +
Juvenile fish nd 779 na na na
Slender crab 620 512 -17% 1.2 -
Dungeness crab 1,000 1,591 59% 1.6 +
spfj'pﬁ; staghorn 900 1733 93% 1.9 "
. Shiner surfperch 1,800 1,186 -34% 1.5 -
English sole 2,300 1,616 -30% 1.4 -
All Species
Mean 12% 1.4
' Maximum 93% 1.9
inimum -34% 1.0

Percent difference is the difference between the predicted and empirical tissue chemical concentrations divided by the
empirical tissue chemical concentration.

The SPAF is defined as the ratio of the predicted concentration divided by the empirical concentration if the predicted
concentration is higher than the empirical concentration, and the reciprocal if the predicted concentration is lower than the
empirical concentration.

na — not applicable
nd — no data

8.2.5 Choice of model scale

The FWM was run at two scales for this memorandum (LDW-wide and at the scale of
modeling areas). The model will be run at the subarea scale for Pacific staghorn
sculpin and shiner surfperch when EFCD model results are available.

Selection of the modeling scale for application in the RI will depend on model
performance at a given scale. For example, the ability of the FWM to accurately predict
concentrations of PCBs in fish and crab tissues at the LDW-wide scale relative to the
ability of the model to accurately predict tissue concentrations when results of
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modeling at smaller scales are combined will be considered. Application of the FWM
for the FS will depend on the scale at which the model provides the best predictive
accuracy for the RI, as well as the specific remedial scenarios being evaluated in the
residual risk assessment for the FS.

Based on the preliminary results presented in this memorandum (Tables 3-2 and 7-1),
model performance generally does not appear to be significantly affected by the
modeling scale when compared to the combined empirical dataset.

9.0 Next Steps

This memorandum is the third of the three memoranda prepared to document the
development of the FWM. The preliminary results presented in this memorandum
will be discussed with EPA, Ecology, and interested stakeholders in April, 2006. In
addition, a number of steps will occur prior to the final documentation and application
of the FWM in the Phase 2 RI/FS. These steps are listed below.

¢ Step 1 - Selection of final SWAC for model runs. By the end of April 2006, a
final decision will be made on the method to be used to generate SWACs for
total PCBs in the LDW. This method will be applied to calculate SWACs for
total PCBs and OCseq on an LDW-wide basis and for smaller spatial scales, as
needed.

¢ Step 2 - Recalibration of the EFDC model and decision on the need for
additional water data. In the spring of 2006, King County will be recalibrating
the EFDC model using recently collected total PCB water data as well as
updated sediment data. The model will predict total PCB concentrations in
water for each cell in the model, allowing estimates of total PCB concentration
in water at any scale to be modeled by the FWM. These data will be used to
characterize the spatial variability of total PCB concentrations in surface water
within the LDW. The EFDC model will also be able to provide temporal
variability (intra-annual) information. Using the spatial variability information,
the sensitivity of the FWM to EFDC-predicted total PCB concentration ranges in
water will be tested. Based on these results, the need for additional water data
will be determined by June 2006. If collection of additional water data is not
considered necessary, the re-calibrated EFDC model predictions of total PCB
concentrations in water will be used for future FWM runs.

o Step 3 - Selection of most accurate and best-performing dietary scenario for
each species. Dietary scenarios (at the LDW-wide spatial scale) will be re-
evaluated based on the results of these initial analyses and re-run using
updated total PCB concentrations in sediment and water. Based on model
performance and supporting dietary information, the most appropriate dietary
scenario will be selected for each species.
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¢ Step 4 - Model runs with updated total PCB water column concentration and
dietary scenarios. The FWM will be re-run at various spatial scales using
updated total PCB water and sediment concentrations and selected dietary
scenarios for each species. In addition, after EFDC-predicted total PCB
concentrations in water are available for each cell of the model in the LDW,
average concentrations will be calculated for a subset of fish tissue sampling
subareas. These concentrations will be used for FWM runs at a subarea scale for
shiner surfperch and Pacific staghorn sculpin. The results of these runs will be
discussed with EPA and Ecology to determine if additional calibration of the
FWM is warranted to meet project needs.

¢ Step 5 - Final documentation and application of the FWM. After the FWM
development is complete, it will be presented in the Phase 2 RI. In the RI, the
FWM will be used to generate sediment quality thresholds based on risk-based
goals for fish and crab tissue established in the ecological and human health
risk assessments. In the FS, the FWM will be used as one tool to evaluate
residual risks associated with various sediment cleanup alternatives.
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Appendix A.

Food Web Model Parameters

This appendix presents the food web model (FWM) parameter values used for the
Lower Duwamish Waterway (LDW)-wide and smaller spatial scale initial model runs.
Section A.1 presents a summary of Arnot and Gobas (2004) specific model equations.
Section A.2 presents parameter values derived using site-specific data. Section A.3
presents parameter values derived from the literature. Section A.4 presents parameter
values used or cited in Arnot and Gobas (2004) or Gobas and Arnot (2005). Section A.5
presents parameter values specific to each fish and invertebrate species modeled.

A.1 SUMMARY OF PARAMETERS

A summary of parameters in the Arnot and Gobas (2004) model are presented in Table
A-1-1. The equations for the Arnot and Gobas (2004) model define environmental,
biological, or chemical conditions or processes. The Arnot and Gobas model equations
are presented in Table A-1-2. Parameter symbols within equations are defined in

Tables A-2-1, A-3-1, and A-4-1.

Table A-1-1. Summary of Parameters

TABLE WITH
DETAILED
PARAMETER SymBOL ORIGIN INFORMATION

Algae, phytoplankton, and aquatic macrophytes — default value from model
resistance to chemical uptake through aqueous A application to the Great Lakes and A-4-1
phase San Francisco Bay
Algae, phytoplankton, and aquatic macrophytes — default value from model
resistance to chemical uptake through organic B application to the Great Lakes and A-4-1
phase San Francisco Bay
Bioavailable solute fraction () calibrated in model A-1-2
Chemical concentration in prey item i Cp.i calibrated in mode! A-1-2
Chemical concentration in the modeled species Cs calibrated in model A-1-2
Chemical concentration in the sediment, organic Csoc calibrated in model A1-2
carbon normalized
Concentration of DOC in the water column Ypoc site-specific empirical data A-2-1
Concentration of POC in the water column YPOC site-specific empirical data A-2-1
Concentration of suspended solids in water Css site-specific empirical data A-2-1
column

default value from model!
Density of lipids oA application to the Great Lakes and A-4-1

San Francisco Bay

default value from model
Density of water dq application to the Great Lakes and A-4-1

San Francisco Bay

default value from modet!
Dietary absorption efficiencies of lipid €L application to the Great L.akes and A-4-1
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TABLE WITH
DeTAlLED |
3 PARAMETER SymBOL ! __ ORIGIN INFORMATION
default value from model
Dietary absorption efficiencies of NLOM/NLOC EN application to the Great Lakes and A-4-1
San Francisco Bay
default value from model '
Dietary absorption efficiencies of water ew application to the Great Lakes and A-4-1
San Francisco Bay
Dietary chemical transfer efficiency Eo calibrated in model A-1-2
default value from model
Disequilibrium factor for DOC partitioning Dooc application to the Great Lakes and A-4-1
San Francisco Bay
default value from model
Disequilibrium factor for POC partitioning Droc application to the Great Lakes and A-4-1
San Francisco Bay
Dissolved oxygen concentration of water column Cox site-specific empirical data A-2-1
Fecal egestion rate Gr calibrated in model A-1-2
Feeding rate Go calibrated in model A-1-2
Fraction of overlying water ventilated mo derived from literature A-3-1
Fraction of porewater ventilated me derived from literature A-3-1
Fraction of the diet consisting of prey item i Pi derived from literature A-3-1
Freely dissolved chemical concentration in the Cwop calibrated in model A-1-2
porewater
Freely dissolved chemical concentration in the . .
water (total PCBs as Aroclors) Cwo calibrated in model A1-2
Gill ventilation rate Gv calibrated in model A-1-2
Henry’s Law Constant H derived from literature A-3-1
Lipid content of organism viB site-specific empirical data A-2-1
Lipid content of organism (zooplankton) VLB derived from literature A-3-1
Lipid content of phytoplankton/algae vip derived from literature A-3-1
Lipid fraction of gut contents VG calibrated in model A-1-2
Mean water column temperature T site-specific empirical data A-2-1
NLOC content of phytoplankton/aigae Vocp derived from literature A-3-1
NLOC fraction of gut contents voce calibrated in model A-1-2
NLOM content of organism VNB site-specific empirical data A-2-1
NLOM content of organism (zooplankton) VNB derived from literature A-3-1
NLOM fraction of gut contents VNG calibrated in model A-1-2
Octanol-water partition coefficient (total PCBs) Kow derived from literature A-3-1
Organic carbon-water partition coefficient Koc calibrated in model A-1-2
: Organlsm-\_/vater partition coefficient on a wet Kew calibrated in model A1-2
weight basis
Overall lipid content of the diet VLD calibrated in model A-1-2
! Overall NLOC content of the diet voch calibrated in model A-1-2
Overall NLOM content of the diet VND calibrated in modei A-1-2
Overall water content of the diet vwD calibrated in model A-1-2
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TABLEWITH
DETAILED
_ PARAMETER SymBOL ORIGIN INFORMATION
Partition coefficient of the chemical between the
contents of the gastrointestinal tract and the Kcs calibrated in model A-1-2
organism
Phytoplapkton/algae-water partition coefficient on Kew calibrated in model A-1-2
a wet weight basis
Proportionality constant describing simitarity in default value from model
phase partitioning of DOC relative to that of apoc application to the Great Lakes and A-4-1
octanol San Francisco Bay
Proportionality constant describing similarity in default value from model
phase partitioning of POC relative to that of opPOC application to the Great Lakes and A-4-1
octanol San Francisco Bay
. . . . default value from model
Proportionality constant expressing the sorption A
. . Boc application to the Great Lakes and A-4-1
capacity of NLOC relative to that of octanol San Francisco Bay
Proportionality constant expressing the sorption B gzﬁiucletn\il::\u; ftrr?;nGn:g:te |Lakes and Ad-1
capacity of NLOM relative to that of octanol San Francisco Bay
Rate constant for aqueous uptake ki calibrated in model A-1-2
Rate c_ongtant for chemical elimination via Ke calibrated in model A-1-2
excretion into egested feces
Rate_ constant for chemical elimination via the K calibrated in model A-1-2
respiratory area
Rate constant for chemical uptake via the diet ko calibrated in model A-1-2
Rate constant for growth of aquatic organisms ko calibrated in model A-1-2
: default value from model
Rate constant for growth of phytoplankton/algae ke application to the Great Lakes and A-4-1
San Francisco Bay
Rate constant for metabolic transformation of the defa_u It Yalue from model
. km application to the Great Lakes and A-4-1
chemical -
San Francisco Bay
Respiratory surface chemical uptake efficiency Ew calibrated in model A-1-2
. . . default value from model
Scavenging efficiency of particles absorbed from o application to the Great Lakes and A-d-1
the water -
San Francisco Bay
Sediment OC content OCsed site-specific empirical data A-2-1
Total chemical concentration in the water column . . ..
' (Total PCBs as Aroclors) Cwr site-specific empirical data A-2-1
Total chemical concentration in the sediment . . .
(Total PCBs as Aroclors) Cs site-specific empirical data A-2-1
Water content of organism VwB site-specific empirical data A-2-1
Water content of organism (zooplankton) vwB derived from literature A-3-1
Water content of phytoplankton/algae Vwp derived from literature A-3-1
Water fraction of gut contents VWG calibrated in model A-1-2
Weight of the organism Ws site-specific empirical data A-2-1
Weight of the organism (zooplankton) Weg derived from literature A-3-1

DOC - dissolved organic carbon
NLOC — non-lipid organic carbon
NLOM — non-lipid organic matter
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Table A-1-2. Equations for the Arnot and Gobas (2004) Model

| PARAMETER SymBOL UNITS EQUATION VALUE ""N"(STES SOURCE
Biologica
Ca= {k1X(mo><CWD + . .
. L . - See Table A-2-4 for tissue chemistry
Chemical concentration in the MexCuwpp) +koX2 species-specific
: Cs ua/kg ww s " data to be used to evaluate mode! Arnot and Gobas (2004)
modeled species PxCp}/ (1:(2 + ke + kg + | model output performance.
M
. L . - See Table A-2-4 for tissue chemistry
i?:;’?'cal concentration in prey Co. ua/kg ww same as above fﬁ::é?i’:tpi?ﬂc data to be used to evaluate model Arnot and Gobas (2004)
P performance.
Rate constant for aqueous calculated in model . : Gobas (1993); Gobas and
uptake (fish, invertebrates, and Kk, L/kg-day ks = EwxGy / Wp using equation at ::eosr ci:rr;romczlr:gt(ail i;e V'ﬁlg;e MacKay (1987) as cited in
: zooplankton) left P i €. 9 Arnot and Gobas (2004)
Rate constant for aqueous calculated in model . : .
uptake (algae, phytoplankton, K4 L/kg-day ki = (A+(B/Kow))™ using equation at For <_:hem|cal upta_:ke via the “ Arnot and Gobas (2004)
' and aquatic macrophytes) eft respiratory area (i.e., cell wall)
Rate constant for chemical calculated in model . . S
o e h ; 1 - . ) Loss through respiratory surface (gills | Gobas (1993) as cited in Arnot
g:jénamatuon via the respiratory k2 day k2 = ki/Kaw IL;;ng equation at or cell membrane/wall) and Gobas (2004)
: . calculated in model N
! Rate constant for chemical kg food/kg _ . . . Gobas (1993) as cited in Arnot ;
uptake via the diet ko organism-day kp = Epf Gp/Wpg ::ff;ng equation at For phytoplankton/algae, kp is zero. and Gobas (2004) :
Rate constant for chemical calculated in mode! S
elimination via excretion into Ke day'1 ke = Ge % Ep x Kgg / W | using equation at For phytoplankton/algae, ke is zero. Gobas et al. (1993) as cited in
9 A d Gobas (2004
~ egested feces left mot and Gobas ( )
calculated in model .
Rate constant for growth of 1 - 0.2 . - o Thomann et al. (1992) as cited
aquatic organisms ks day ke = 0.000502 x Wy :.;sf;ng equation at For temperatures around 10°C. in Amnot and Gobas (2004)
- . . calculated in model .
. Dietary chemical transfer o Ep = (3.0x107xKow + . . Transfer of chemical across gut can
efficiency Eo % 2.0)" ::;ltng equationat o characterized by Kow relationship. Arnot and Gobas (2004)
Respiratory surface chemical E o Ew=(1.85+ (155/ ca!culated Itn mo?el Tran_sfc-:r of ch§m|cal acLoss Gobas (1988) as cited in Arnot
uptake efficiency w o Kow)" using equation a respiratory surface can be _ and Gobas (2004)
left characterized by Kow relationship.
calculated in mode! . .
Gop kg/d Gp = GyxCss xo using equation at Morrison et al. (1996) as cited

' Feeding rate - filter feeders
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"""" © PARAMETER SymsoL UNITS EQuATION VALUE NOTES SOURCE
: Studies of feeding rates in cold-water - N
. . Go = 0.022 x Wp™* x | calculated from ; ! Weiniger (1978) as cited in
Feeding rate — other species Gp kg/d (0.06x1) . . fish (being used for zooplankton and
weight of biota aquatic invertebrate species as well). Amot and Gobas (2004)
Gr = {(1-e0)xvio)+ (1-en) | calculated in model
Fecal egestion rate Ge kg/d X Vocp + (1-en) X vnp+(1- | USINg equation at Arnot and Gobas (2004)
ew)*Vp}*Go left
calculated in model
Gill ventilation rate Gv L/d Gy = 1400xW5 % / Cox | using equation at Arnot and Gobas (2004)
: left
Organism-water partition Kaw = Ki/k2 calculated in model
coefficient on a wet weight Kew L water/kg biota = vigXKow/8L +vneXBx* | using equation at Arnot and Gobas (2004)
basis Kow+vwe/Sw left
: Phytoplankton/algae-water L water/kg Kow = VipxKanlS, + calculated in model
partition coefficient on a wet Kew phytoplankton/alg F;W x'i iw L/S using equation at Arnot and Gobas (2004)
. weight basis ae BocxvnexKow + Vur/dw | ot
- . Kaa = (Vie*XKow/SL +
Partition coefficient of the .
i ; Voce*Boc*Kow + calculated in model
. chemical between the contents Kas kg biota/kg UneXPXKow+Vwa/Sw)/ | Using equation at Arnot and Gobas (2004)
of the gastrointestinal tract and digesta left
the organism (ViaXKow/S1 + VngXBXKow | 1€
+Vwe/dw)
- . Vie =(1-e0) X viol [(1-60) | 10 1ated in model
Lipid fraction of gut contents ViG kg lipid/kg digesta | x vip + (1-en) X Vocp + using equation at Arnot and Gobas (2004)
: ww (1-en) X vnp + (1-8w) X | ot
Vi)
. January 2006 update to Arnot
and Gobas model (Arnot and
. Voce = [(1-en) X Voco] / . NLOC was added to the model to
. kg lipid/kg digesta | [(1-gL) x vip + (1-en) X ca!culated n model account for differential affinity of PCBs Gobas 2004). Updated model,
. NLOC fraction of gut contents Voce Ww . (1 N +(1. | using equation at for NLOC (higher) as compared to AQUAWERB, can be found on
i Vooo + (1-en) X vip + (1- | oy NLOM 9 P Environmental Toxicology
: ew) X Vo] Research Group website
(Gobas 2006)
: VNG =(1-SN) X VND / [(1-E|_) .
: calculated in model
. kg NLOM/kg % vip + (1-en) X Vocp + . ;
! NLOM fraction of gut contents VNG digesta ww (1-6n) X Vap + (1-615) X ::esf;ng equation at Arnot and Gobas (2004)
! Vo)
= FWM memorandum 3:
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+3poc’Dooc-atooc Kow)

left

DOC and POC in the water.

PARAMETER SymBoOL UNITS EQUATION VALUE NOTES éOURCE
vwe =(1-ew) X Vol [(1- ;
: calculated in model
: ) kg water/kg €L) % Vip +(1-en) X Vocp : ;
: Water fraction of gut contents v > using equation at Arnot and Gobas (2004
g we digestaww | + (T-e) X o + (16w X [ 1ot (2004)
Vo]
Overall lipid content of the diet v kg lipid/kg food vip = ZP; % v ﬁ::ﬁmaete:ait?owgctiel Amot and Gobas model
P Lo ww Lo 7 es loft g eq spreadsheet (Gobas 2006)
January 2006 update to Arnot
NLOC content of diet is determined by | and Gobas model (Arnot and
- calculated in model | fraction of phytoplankton/algae and Gobas 2004). Updated model,
8;?"3" NLOC content of the Voco kg NLO“(,Z\:’kg food V°°FD, fggo°P'+ using equation at | sediment consumed. These are the AQUAWEB, can be found on
sed sed left only dietary items with NLOC as a Environmental Toxicology
constituent. Research Group website
(Gobas 2006)
; calculated in model
* Overall NLOM content of the kg NLOM/kg food - 5P . . Arnot and Gobas model
diet Vno ww Vno = 2P X Ve, It;sfltng equation at spreadsheet (Gobas 2006)
calculated in model
Overall water content of the kg water/kg food —vp. ) . . Arnot and Gobas model
diet Vo ww vao = ZPi X Vs, :;sflng equation at spreadsheet (Gobas 2006)
. This parameter will be calculated for
Freely dissoived chemical c n c =C /Ko S::ﬁu'aetesa't?or:g?m each spatial scale evaluated using Kraaij et al. (2002) as cited in
concentration in the porewater wo.p H9 WP = s.0c f hoc loft 9 €9 sediment data appropriate for that Arnot and Gobas (2004)
spatial scale.
. L . This parameter will be calculated for
i Chemical concentration in the calculated in model - - .
- ; _ . . each spatial scale evaluated, using Calculated using Phase 1 and
iz?rmiggdorgannc carbon Csoc Hg/kg Csoc = C/OCsed I‘:;fing equationat | . jiment data appropriate for that Phase 2 sediment data
spatial scale.
Freely dissolved chemical calculated in model . . .
concentration in the water Cwp pg/L Cwo= (Cwrx $)/1000 using equation at Simulates sequestering of chemical by Arnot and Gobas (2004)
DOC and POC in the water.
! {total PCBs as Aroclors) left ’
¢ =1/(1+ypoc Droc-aroc: | calculated in model . . .
Bioavailable solute fraction ¢ unitless Kow using equation at Simulates sequestering of chemical by Arnot and Gobas (2004)
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l PARAMETER i SymeoL UNITS EQUATION VALUE NOTES SOURCE

There are many different relationships
established between Kow and Koc.
This relationship was based on the
analysis of a wide range of analytes
(including PCB congeners) and

_ calculated in model | soil/sediment matrices. The authors
Koc Likg Koc = 0.35 x Kow from equation at left | excluded data that may not have
represented equilibrium conditions
that can be very influential for high
molecular weight PCBs. It is
consistent with the commonly used
approximation of Koe = 0.4 Koy

Organic carbon-water partition

coefficient Seth et al. (1999)

DOC - dissolved organic carbon
NLOC - non-lipid organic carbon
NLOM - non-lipid organic matter
PCB - polychlorinated biphenyl
POC - particulate organic carbon
ww — wet weight

- FW :
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A.2 PARAMETERS DERIVED FROM SITE-SPECIFIC DATA

The LDW site-specific data presented in this section were derived from various field
sampling events conducted in the LDW. Parameter names, symbols, units, selected
values, comments, and source information for the initial set of parameters are
presented in Table A-2-1. Parameters for which derivation of values cannot be fully
explained within the limited space of a table are further discussed in the following
subsections.

A.2.1 Sediment PCBs and OC.q4

Concentrations of total polychlorinated biphenyls (PCBs) (Aroclor sum) and organic
carbon (OCseq) in surface sediment data were derived from Phase 2 and historical
(Phase 1) datasets according to “baseline” conditions, as described in the draft
Technical Memorandum: Criteria for Defining the Baseline Surface Sediment Dataset
for Use in the Lower Duwamish Waterway Phase 2 RI/FS (Windward 2006). Any
changes to the baseline dataset will be reflected in the Phase 2 RI, where the final
FWM results will be presented.

Lower Duwamish W aterway Group M e A
April 7, 2006
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VALUES - MEAN
 PARAMETER SYMBOL UNITS (range) NO. OF SAMPLES NOTES SOURCE
Weight of the organism | WB ........................ kgww ..... species-specific see Table A-2-3 see Table A-2-3 see Table A-2-3
Lipid content of organism Vis % ww species-specific see Table A-2-3 see Table A-2-3 see Table A-2-3
.. . See Table A-2-3. NLOM is a
?‘NOSO%\:I';l:ogzgra\?:)cf 'rrat;?\rism VB % ww species-specific see Table A-2-3 secondary site of PCB see Table A-2-3
9 accumulation.
See Table A-2-3. Water is not a
significant contributor to the
Water content of organism Vwe % ww species-specific see Table A-2-3 storage capacity of PCBs butis | see Table A-2-3
the third phase of storage in the
i : body.
' Total PCB (as Aroclors) Spatially weighted average . .
: concentration in sediment Cs pa/kg dw 250 1,294 concentration calculated using gj:au;:t:g d‘;f::gt%aaiglme
(all LDW) IDW over the entire LDW
LDW-wide spatially weighted
Total PCB (as Aroclors) average concentration . .
concentration in sediment Cs pg/kg dw 280 305 calculated using IDW over the :::::c':t:: d‘;;':gt%aai:lme
(modeling area M1) entire LDW, but then clipped to :
M1.
LDW-wide spatially weighted
Total PCB (as Aroclors) average concentration . .
concentration in sediment Cs ng/kg dw 160 198 calculated using IDW over the g::a“;:‘:: d‘i‘:":gt‘;:stg"“e
(modeling area M2) entire LDW, but then clipped to '
M2,
LDW-wide spatially weighted
Total PCB (as Aroclors) average concentration R .
concentration in sediment Cs ug/kg dw 470 485 calculated using IDW over the g::;:au;:t:: d?rﬂgr?tza:i‘t:hne
(modeling area M3) entire LDW, but then clipped to :
M3.
LDW-wide spatially weighted
Total PCB (as Aroclors) ; average concentration . .
concentration in sediment Cs Hg/kg dw 41 265 calculated using IDW over the g::au!:t::dli’::ggt%fg"ne
{modeling area M4) entire LDW, but then clipped to '
M4.
. i . Spatially weighted average - . '
Egs\l’ment OC content (all OCoed %dw ! 1.93 1,294 . concentration calculated using g:ll':au;:tse:dt;rs;::gtt;aaségllne
) i . IDW over the entire LDW. ’ ,
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P y ]
‘ : g g . - _
- K ; '

VALUES — MEAN

PARAMETER SYMBOL UNITS {range) NO. OF SAMPLES NOTES SOURCE
LDW-wide, spatially weighted
. average concentration . .
Sediment gfegﬁ\;‘:‘)’"t OCisea % dw 2.00 305 calculated using IDW overthe | Caiculated | using baseline
( g entire LDW, but then clippedto | ’
M1.
LDW-wide spatially weighted
. average concentration . .
(s;g::ﬁ:t c;fe:m;‘;m 0Csed % dw 2.05 198 calculated using IDW over the g:::‘::t:g dlil:':gr?t t;aas;:hne
9 entire LDW, but then clippedto . :
M2.
. LDW-wide spatially weighted
. average concentration . .
(Sr:g:?;ﬁ:t c;?e:%‘;?nt OCea % dw 1.75 485 calculated using IDW over the : g::?:‘::t:g dlilrs;:ggt?jaast:hne
9 entire LDW, but then clipped to :
M3.
LDW-wide spatially weighted
- average concentration . .
: (Sn‘:g:;:;ﬁ:t Oa?egon:i?nt 0Cseq % dw 1.80 265 ~ calculated using IDW over the g::?au‘::t:g dt;:ll:r?t l:’aast:hne
g entire LDW, but then clipped to | ’
M4.
. . Data received from King
King County Model wa?er scenarios .w'" also © County (unpublished)
be run using the following set of -
. . samples (5 samples) R (Williston 2005) for August
Total chemical concentration 2 - : values: 1, 3, 5, and 10. .
. = two stations, two 2005 sampling event, sample
in the water column (total Cwr ng/L : PCB water mean has one ; A
(1.5-3.1) depths, one event o 5 . locations and collection
PCBs as Aroclors) : N significant figure due to : . .
(with one field uncertainty and low sample . methods are in the sampling
duplicate) size P : and analysis plan (King County
’ © 2005) :
Dissolved oxygen 8.0 Average of two stations, two King County Water Quality
concentration of water Cox mg/L ’ 11 depths from King County data, Monitoring Program (marine)
(6.4 - 9.6)
- column ! : for each month Jan = Nov 2005. (Mickelson 2006)
Average of two stations, two ¢ King County Water Quality
tl\:c:nevrvaatt:r;column T °Celsius (8 11_1"? 4.7) 1 depths from King County data,  Monitoring Program (marine)
P ' ! for each month Jan — Nov 2005. ; (Mickelson 2006)
. . 2.2x10°¢ Average of two stations, two King County Water Quality
\?vg?;e:;:ﬂ:monn of DOC in the Apoc kg/L (1.4 x10* -4.0 x 1 depths from King County data, : Monitoring Program (marine)
10%) : for each month Jan - Nov 2005. : (Mickelson 2006)
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PARAMETER SYMBOL UNITS (range) NO. OF SAMPLES NOTES SOURCE
_ , Calculated concentration
. . 2.9 x 10 {POC = TOC - DOC) King County Water Quality
32?;‘3:;:::1(:‘" of POC in the Xpoc kg/L P (9.3 x 10°-7.7x 11 Average of two stations, two Monitoring Program (marine)
107) depths from King County data, {Mickelson 2006)
) : . for each month Jan - Nov 2005.
’ 46x10° Average of two stations, two King County Water Quality
Concentration of suspended - GCss kg/L (1.9x10° - 11 depths from King County data, for Monitoring Program (marine)

| solids in water column ] 7.6 x 10%) each month Jan — Nov 2005. (Mickelson 2006)

Bold text indicates that the model has been demonstrated to be sensitive to that parameter in the past (Arnot 2005).
DOC - dissolved organic carbon

dw — dry weight

EFDC - Environmental Fluid Dynamics Code
IDW - inverse distance weighting

LDW — Lower Duwamish Waterway

NLOM - non-lipid organic matter

OC - organic carbon

PCB - polychlorinated biphenyl

POC - particulate organic carbon

TOC - total organic carbon

WQA — water quality assessment

ww —wet weight
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NUMBER OF
INDIVIDUALS PER
COMPOSITE
SAMPLING EVENT YEAR SPECIES TISSUE TYPE TISSUE SAMPLE N PARAMETER SOURCE
edible meat 5 3
Dungeness crab
hepatopancreas 5 3
edible meat 5 1
slender crab
hepatopancreas 10 1 :
whole bod 5 11 weight, percent lipids, .
2005 e percent solids, PCB | Lvindward (2006
English sole paired skin-on Aroclors in prep)
fillet and 5 10
remainder?
shiner surfperch whole body 10 22
Pamﬁ_c staghorn whole body 10 4
sculpin
: LDW Phase 2 weight, percent lipids,
. percent solids, Windward
: benthic invertebrates | whole body >100 20 community structure, (20054, b)
PCB Aroclors
edible meat 5
Dungeness crab
hepatopancreas 6-15 3
dible meat 5 12
2004 | slender crab c — . .
hepatopancreas 15-18 weight, percent lipids,
- percent solids, PCB Windward
English sole whole body 5 21 Aroclors, prB (2005¢, d)
Pacific staghorn congeners
sculpin whole body 7-10 24
shiner surfperch whole body 9-10 24
: starry flounder whole body 5 3
National Marine Fisheries Service
. (NMFS) Duwamish injury 2000 | shiner surfperch whole body 1 2 PCB Aroclors NMFS (2002)
assessment project
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NUMBER OF
INDIVIDUALS PER
COMPOSITE

SAMPLING EVENT YEAR SPECIES TissUE TYPE TISSUE SAMPLE N PARAMETER SOURCE
~ King County Combined Sewer edible meat 3 2
i Overflow Water Quality 1996 - | Dungeness crab hepat 3 1 percent lipids, percent | King County
. Assessment for the Duwamish 1997 epatopancreas solids, PCB Aroclors | (1999)
. River and Elliott Bay shiner surfperch whole body 10 3

& The remainder is the portion of fish that remains after removal of the skin-on fillet. These remainder and fillet data were used to estimate whole-body English
sole concentrations as specified in the QAPP and the data report (Windward 2005f, 2006 in prep).

®  The following composite samples were analyzed for PCB congeners: three Dungeness crab edible meat samples, two Dungeness crab hepatopancreas
samples, five slender crab edible meat samples, two slender crab hepatopancreas samples, seven English sole whole-body samples, nine shiner surfperch

whole-body samples, and eight Pacific staghorn sculpin whole-body samples.
N — Number of composite tissue samples analyzed

- FWM dum 3:

Lower Duwamlsh Waterway Group memgrpa;enudrg( A
Port of Seattle | City of Seattle | King County | The Boeing Company April 7' 2006
Page 13




The total PCB sediment concentrations and OCsed percentages used in the preliminary
FWM runs were calculated from inverse distance weighting (IDW) interpolations
derived from 1,294 surface sediment samples. The IDW parameters (e.g., search
radius, weighting factor) were selected to optimize the ability of the IDW interpolation
to predict concentrations of total PCBs in sediment where data are available for
comparison. The optimized interpolation resulted in a predicted spatially weighted
average concentration (SWAC) for total PCBs of 250 pg/kg dw and a spatially
weighted average for total organic carbon (TOC) of 1.93% for the entire LDW

(Table A-2-1).

Spatially weighted average concentrations and percentages for smaller spatial scales
(modeling areas) were calculated using the same interpolation grids generated for the

LDW-wide FWM spatial scale. The 10-ft by 10-ft squares from the IDW grid for each
modeling area were selected, and spatially weighted average concentrations and

percentages were calculated as the mean of all grid cells within a given modeling area

of the LDW (Table A-2-1).

A.2.2 Water chemistry data

Water quality parameters with site-specific data include dissolved oxygen (DO),
temperature, total suspended solids (TSS), dissolved organic carbon (DOC) and
particulate organic carbon (POC), and total PCB concentrations (PCB congener sum).
The particulate organic carbon (POC) was estimated from site-specific values for DOC
and total organic carbon (TOC) in the water column. Values for these parameters were
derived from 2005 data from the King County Marine Ambient and Outfall Water
Column Monitoring Program (Mickelson 2006). In 2005, water samples were collected
from two depths (1 m below the surface and 1 m above the sediment surface) at each
of two stations in the LDW. The two stations were located just south of Harbor Island
and at the 16th Avenue Bridge (King County 2005). Samples were collected for
analysis of conventional parameters (temperature, TSS, DOC, and POC) monthly from
January through November for a total of 44 samples. Summary statistics for these 44
samples were calculated as follows. Concentrations in the bottom and surface water
samples on each collection date were averaged for each of the two sample stations,
resulting in 11 average monthly concentrations for each parameter at each station. The
average monthly values for the two stations were averaged to estimate the “LDW-
wide” average monthly value for each parameter. The mean, minimum, maximum,
and standard deviation (SD) concentrations of conventional water quality parameters
in Table A-2-1 were calculated directly from the river-wide, monthly average values.

Concentrations of total PCBs in the water column were derived from the 2005 King
County Duwamish River, Elliott Bay, and Green River water column PCB congener
survey (King County 2005). Water samples were collected from the locations and
depths described above. The samples were analyzed for all 209 individual PCB
congeners. Four sampling events occurred in 2005, with the goal of capturing two low-
flow events (August and September) and two high-flow events (November and

- FWM dum 3:
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December). Validated data are currently available only from the August sampling
event.

A.2.3 Tissue data

All Phase 2 tissue data and historical whole-body data identified as acceptable for use
in the Phase 2 RI (Windward 2005g) were used for the FWM (Table A-2-2). Lipid
content, water content, and total PCB concentrations were calculated from composite
samples. Weight data were derived from all individual specimens collected from the
LDW in Phase 2 (2004 and 2005). Weight data for juvenile fish were based on
individual shiner surfperch (< 80 mm) from both background and LDW locations.

Site-specific tissue data from the LDW were used to determine input parameter values
for lipid content (Vis), water content (Vws), and weight (Ws) for crabs and fish (Tables
A-2-1 and A-2-3). Site-specific tissue data were also used to evaluate FWM model
results at various spatial scales by comparing empirical concentrations of total PCBs in
fish and crabs to concentrations predicted by the FWM (Table A-2-4). Methods for
estimating an average PCB tissue concentration for benthic invertebrates from site-
specific data to be used in model performance evaluation are described in Section
A24.

- F :
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Table A-2-3. Characteristics of the modeled species

VALUE — MEAN l SAMPLE LOCALE OF DATA
PARAMETER (range) ; SIZE COLLECTION NOTES SOURCE
Phytoplankton/algae
Three samples each of two species of macroalgae and the contents
of a plankton tow at three locations in False Creek. Average of green
and brown algae and phytoplankton. “Phytoplankton” tissue
Lipid content (% ww) ?61120 ~0.14) 27 melaste\g:g:ﬁ\?eurrr;g analyzed was a combination of phytoplankton and zooplankton (236- ; Mackintosh et al. (2004)
' ' ' ! um plankton tow net).® The range of values was calculated using the
plausible value range approach developed for the sensitivity analysis
using standard deviation given in paper.
Three samples each of two species of macroalgae and the contents
of a plankton tow at three locations in False Creek. Average of green
and brown algae and phytoplankton. Phytoplankton and algae
carbon is an important organic chemical storage phase due to low
NLOC content (% ww) ?534 ~52) 27 ::rﬁ;e\z r:sgb\?eﬂrrgg lipid concentrations. Carbon rather than “matter” is used for Mackintosh et al. (2004)
: ) ' ’ phytoplankton/algae because it is a better predictor of organic
chemical content (Mackintosh et al. 2004). The range of values was
calculated using the plausible value range approach developed for
the sensitivity analysis using standard deviation given in paper.
Water content is calculated as 100% — % lipid — % carbon. Not a
95.6 False Creek, Burrard true measure of water content because there are constituents other .
0, '
Water content (% ww) (94.7 — 96.5) 2 inlet, Vancouver, BC than lipid and carbon. The range of values was calculated using the Mackintosh et al. (2004)
ranges of lipids and NLOC.
Phytoplankton live in water column and are not exposed to
porewater. Some benthic algae may be exposed to porewater,;
Fraction of porewater 0 na na however, this biota compartment is primarily representing prey for
ventilated zooplankton, with a little algae consumed by English sole. Therefore,
the algae component of this compartment is not modeled as having
exposure to porewater.
Zooplankton
16x 107 Twenty-one samples from six stations (over 12 months). Average
. . -8 _ Puget Sound dry weight mass of zooplankton with assumed 90% water content .
Weight (kg ww) (28'38:11097) 126 (Budd Inlet) (zooplankton was composed primarily of crustaceans, cnidarians, Giles and Cordell (1998)
' larvaceans, and polychaetes).
12 Kuroshima et al. (1987)
Lipid content (% ww) ((') 9-1.7) nr Maizura Bay, Japan Converted from dry weight assuming 90% water content. as cited in Delbare et al.
’ : (1996)
8.8 L calculated from water
9 = o/ .9, _ 0,
NLOM content (% ww) (7.1 =12.1) na na NLOM = 100% -% water - % lipids and lipid content ;
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Table A-2-3, cont.

VALUE - MEAN SAMPLE ' LOCALE OF DATA
PARAMETER (range) SI1ZE COLLECTION NOTES SOURCE
90 Kuroshima et al. (1987)
Water content (% ww) (87-91.2) nr Maizura Bay, Japan Samples collected over 5 months. Species collected not specified. as cited in Delbare et al.
' (1996)
Frac_tion of porewater 0 na na Zooplankton live in water column and are not exposed to porewater.
ventilated
Dietary Scenario 1 for zooplankton (fraction)
It is assumed that the proportion of carnivorous zooplankton in the
Phytoplankton/algae 1 na na LDW is insignificant compared to the proportion of herbivorous
zooplankton.
Benthic invertebrates
. Ten intertidal and ten subtidal samples; weight calculated as i
. 51 x10 average number of individuals divided by sample mass using .
Y:IT 'ng;g ww) (5.5 % 10° - 10 LDW taxonomy samples from the subtidal zone only (“picked” E\CZ?tzgrgg%?t:emmc
2.1 x10% classification). Weight data were not varied by area because of the
uncertainty associated with this calculation (see Section A.2.5). _
Lipid content (% ww) 0.89 . . . Phase 2 (2004) benthic
(all LDW) (0.35—1.4) 20 LDW ten intertidal and ten subtidal samples invertebrate data
Lipid content (% ww) 0.94 . . . Phase 2 (2004) benthic
(modeling area M1) (069-13) 6 Area M1 two intertidal and three subtidal samples invertebrate data
Lipid content (% ww) 1.1 . . . Phase 2 (2004) benthic
(modeling area M2) (0.79 - 1.4) 6 Area M2 three intertidal and three subtidal samples invertebrate data
Lipid content (% ww) 0.66 : : . Phase 2 (2004) benthic
(modeling area M3) 0.35-1.1) 4 Area M3 two intertidal and two subtidal samples invertebrate data
Lipid content (% ww) 0.78 . . . Phase 2 (2004) benthic
(modeling area M4) (0.62-0.95) 4 Area M4 two intertidal and two subtidal samples invertebrate data
Water content (% ww) 88.9 . . . Phase 2 (2004) benthic
(all LDW) (83.4 - 95.9) 20 LDW ten intertidal and ten subtidal samples invertebrate data
Water content (% ww) 87.5 B . . Phase 2 (2004) benthic
(modeling area M1) (83.4-91.7) 6 Area M1 three intertidal and three subtidal samples invertebrate data
Water content (% ww) 86.9 —_— . Phase 2 (2004) benthic
(modeling area M2) (84.3 - 90.6) 6 Area M2 three intertidal and three subtidal samples invertebrate data
Water content (% ww) 91.9 . . . Phase 2 (2004) benthic
(modeling area M3) (86.3 — 95.9) 4 Area M3 two intertidal and two subtidal samples invertebrate data
Water content (% ww) 90.5(89.3 - . . . Phase 2 (2004) benthic
(modeling area M4) 92.4) 4 Area M4 two intertidal and two subtidal samples invertebrate data
- FWM memorandum 3:
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Table A-2-3, cont.

VALUE - MEAN SAMPLE LocALE OF DATA
_ PARAMETER (range) SIZE COLLECTION NOTES SOURCE
Fraction of porewater _ . . . . .
. 0.20 Benthic invertebrates live on or in sediment and ventilate water just )
ventilated/ all exposure (0.05-0.3) na na above sediment surface. Winsor et al. (1990)

areas

Dietary Scenario 1 for benthic invertebrates (fraction)

0.1

Phytoplankton/algae (0.01 = 0.16) na
0.05

Zooplankton (0.01 - 0.07) na
. 1 0.84

Sediment | (0.77 - 0.99) na

Many taxa have multiple feeding types; dominant feeding type for
each taxa estimated using the literature. Feeding guilds were
assigned to each phyla (subtidal samples only), and then percent
feeding guild was assigned to each sample based on % weight.
Average percent feeding guilds were calculated for all 10 samples.
Because the model does not allow modeled species to have a
fraction of their diet from their own model compartment, and
because only one benthic invertebrate compartment was created,
sediment was used as a surrogate for benthic invertebrate prey
consumed by carnivores. A “detritus” compartment was not modeled
because of a lack of data to generate values for such a
compartment. Sediment was used as a surrogate for detritus
consumed by deposit feeders. Diets were estimated assuming that
carnivores consumed 100% sediment, suspension feeders
consumed 30% zooplankton and 70% phytoplankton/algae, and
deposit feeders consumed 100% sediment.

Literature review
performed for feeding
guilds of species
identified in Phase 2
taxonomy samples

m[“)ietary Scenario 2 for benthic invertebrate

s (fraction)

0.11

Phytoplankton/algae (0.01-0.16) na
0.12

Zooplankton 002-017) |
_ 0.77

Sediment (0.67 - 0.97) na

Many taxa have multiple feeding types; dominant feeding type for
each taxa estimated using the literature. Feeding guilds were
assigned to each phyla (subtidal samples only), and then percent
feeding guild was assigned to each sample based on % weight.
Average percent feeding guilds were calculated for all 10 samples.
Because the mode! does not allow modeled species to eat
themselves (i.e., have a fraction of their diet from their own model
compartment), and because only one benthic invertebrate
compartment was created, sediment was used as a surrogate for
benthic invertebrate prey consumed by carnivores because of the
similarities between total PCB concentrations in benthic invertebrate
tissue and sediment. A “detritus” compartment was not modeled
because of a lack of data to generate values for such a
compartment. Sediment was used as a surrogate for detritus
consumed by deposit feeders because it was assumed to have
similar PCB concentrations. Assumed that carnivores consumed
50% sediment and 50% zooplankton, suspension feeders consumed
30% zooplankton and 70% phytoplankton/algae, and deposit

Literature review
performed for feeding
guilds of species
identified in Phase 2
taxonomy samples
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Table A-2-3, cont.

VALUE — MEAN SAMPLE LOCALE OF DATA
PARAMETER (range) SIZE COLLECTION NOTES SOURCE
Dungeness crab -- combined edible meat and hepatopancreas
Weight (kg ww) 0.423 Lo . . . Phase 2 (2004, 2005)
(all LDW) (0.096 — 1.130) 51 LDW Mean of all individual whole crab specimens in composites. Dungeness crab data
Weight (kg ww) 0.570 R . . . Phase 2 (2004, 2005)
(modeling area M1) (0.169 — 1.130) 20 Area T1 Mean of all individual whole crab specimens in composites. Dungeness crab data
Weight (kg ww) :
(modeling area M2) na na na No Dungeness crabs were found in Area 2. na
Weight (kg ww) 0.381 o . . . Phase 2 (2004, 2005)
(modeling area M3) (0.100 — 0.780) 20 Area T3 Mean of all individual whole crab specimens in composites. Dungeness crab data
Weight (kg ww) 0.231 Lo . . . Phase 2 (2004, 2005)
(modeling area M4) (0.096 — 0.502) 11 Area T4 Mean of all individual whole crab specimens in composites. Dungeness crab data
- o Based on average Phase 1 and Phase 2 (2004, 2005) data. Whole Phase 1 and Phase 2
t‘a'ﬁ'ﬁlg&r;)tem (% ww) (21'64 ~54) 7 LDW body = (0.31 x hepatopancreas total PCB concentration) + (0.69 x (2004, 2005) Dungeness
' ' edible meat total PCB concentration). crab data
.. Based on average Phase 1 and Phase 2 (2004, 2005) data. Whole Phase 1 and Phase 2
0,
I('rf;%:ﬁ:te:rte(a/"M“;v)v) ?1'27 _5.4) 3 Area T1 body = (0.31 x hepatopancreas total PCB concentration) + (0.69 x (2004, 2005) Dungeness
9 ’ ' edible meat total PCB concentration). crab data
Lipid content (% ww) na na na No Dungeness crabs were collected from Area 2. na
(modeling area M2)
- Based on average Phase 2 (2004, 2005) data. Whole body = (0.31 x
Lipid content (% ww) 1.8 . : Phase 2 (2004, 2005)
(modeling area M3) (1.4-2.2) 2 Area T3 E%pBaté)::::r:ter:?iézt;I PCB concentration) + (0.69 x edible meat total Dungeness crab data
. Based on average Phase 2 (2004, 2005) data. Whole body = (0.31 x
Lipid content (% ww) 2.4 h . Phase 2 (2004, 2005)
(modeling area M4) (1.9-29) 2 Area T4 gecpsfg:::r:te;;;zt)al PCB concentration) + (0.69 x edible meat total Dungeness crab data
Based on average Phase 1 and Phase 2 (2004, 2005) data. Whole Phase 1 and Phase 2
0,
nl;x)r content (% ww) (all ?728 — 85) 7 LDW body = (0.31 x hepatopancreas total PCB concentration) + (0.69 x (2004, 2005) Dungeness
edible meat total PCB concentration). crab data
Water content (% ww) 81 Based on average Phase 1 and Phase 2 (2004, 2005) data. Whole Phase 1 and Phase 2
(modeling area I\;H) (79 - 84) 3 Area T1 body = (0.31 x hepatopancreas total PCB concentration) + (0.69 x (2004, 2005) Dungeness
9 edible meat total PCB concentration). crab data
Water content (% ww) .
(modeling area M2) na na na No Dungeness crabs were found in Area 2. na
Based on average Phase 2 (2004, 2005) data. Whole body = (0.31 x
Water content (% ww) 83.1 : - Phase 2 (2004, 2005)
(modeling area M3) (81.3-84.8) 2 Area T3 g%p;tgg:gecr:ﬁgzézt).al PCB concentration) + (0.69 x edible meat total Dungeness crab data
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Table A-2-3, cont.

VALUE — MEAN SAMPLE LocaLE OF DATA
PARAMETER (range) Size COLLECTION NOTES SOURCE
Based on average Phase 2 (2004, 2005) data. Whole body = (0.31 x
Water content (% ww) 81.3 - . Phase 2 (2004, 2005)
(modeling area M4) (77.9-84.7) 2 Area T4 gzp;t:::gec;:ar:z;?‘tfl PCB concentration) + (0.69 x edible meat total Dungeness crab data
. Dungeness crabs live on sediment surface and ventilate some water | Winsor et al. (1990);
Séiztll.:tr;gf porewater ?60021 ~0.03) na na from just above sediment surface (also stir up sediments when : Gobas and Wilcockson

foraging).

(2003)

Dietary Scenario 1 for Dungeness crab (fraction)

0.63

Average % index of relative importance of identifiable prey in
stomach contents classified as either phytoplankton/algae,

Benthic invertebrates (0.42 - 0.84) 369 Grays Harbor, WA zooplankton, benthic invertebrates or fish. Scenario 1 classifies Stevens et al. (1982)
crabs and shrimp as benthic invertebrates.
Average % index of relative importance of identifiable prey in
. 0.37 stomach contents classified as either phytoplankton/algae,
Juvenile fish (0.16 - 0.58) 369 Grays Harbor, WA zooplankton, benthic invertebrates, or fish. Scenario 1 classifies Stevens et al. (1982)

crabs and shrimp as benthic invertebrates.

Dietary Scenario 2 for Dungeness crab (fraction)

Benthic invertebrates

0.16

369

Grays Harbor, WA

Average % of individual identifiable prey in stomach contents
classified as either phytoplankton/algae, zooplankton, benthic
invertebrates or fish. Scenario 2 classifies crabs and shrimp as
zooplankton because no juvenile crab and shrimp prey model
compartments were created and the zooplankton mode!
compartment may provide a more realistic surrogate for the crabs
and shrimps consumed as prey than the benthic invertebrate
compartment.

Stevens et al. (1982)

Zooplankton

0.48

369

Grays Harbor, WA

Average % of individual identifiable prey in stomach contents
classified as either phytoplankton/algae, zooplankton, benthic
invertebrates or fish. Scenario 2 classifies crabs and shrimp as
zooplankton because no juvenile crab and shrimp prey model
compartments were created and the zooplankton model
compartment may provide a more realistic surrogate for the crabs
and shrimps consumed as prey than the benthic invertebrate
compartment.

Stevens et al. (1982)

Juvenile fish

|

0.36

369

Grays Harbor, WA

Average % of individual identifiable prey in stomach contents
classified as either phytoplankton/algae, zooplankton, benthic
invertebrates or fish. Scenario 2 classifies crabs and shrimp as
zooplankton because no juvenile crab and shrimp prey model
compartments were created and the zooplankton model
compartment may provide a more realistic surrogate for the crabs
and shrimps consumed as prey than the benthic invertebrate
compartment.

Stevens et al. (1982),
Gotshall (1977)
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Table A-2-3, cont.

VALUE - MEeaN SAMPLE LOCALE OF DATA
PARAMETER {range) SIzE COLLECTION NOTES SOURCE
Dietary Scenario 3 for Dungeness crab (fraction)
! Synthesis of two open-water studies (1977) considering that, as an

Benthic invertebrates 0.75 na na estuary, the LDW may have a more benthic-dominated food web
(Simenstad 1983).
Synthesis of two open-water studies (1982) considering that, as an

Juvenile fish 0.15 na na estuary, the LDW may have a more benthic-dominated food web
(Simenstad 1983).

Sediment 0.10 na na Up to 50% sediment has been observed in stomach contents. Stevens et al. (1982)

Dietary Scenario 4 for Dungeness crab (fraction)

Humbolt Bay, CA, and

Average % of individual identifiable prey in stomach contents
classified as phytoplankton/algae, zooplankton, benthic

0.164

of Mad River, CA

invertebrates and fish. Scenario 4 classifies crabs and shrimp as
benthic invertebrates.

Benthic invertebrates 0.75 416 gﬁ::%ir:/i?”cn:um invertebrates and fish. Scenario 4 classifies crabs and shrimp as Gotshali (1977)
' benthic invertebrates.
Average % of individual identifiable prey in stomach contents
Humbolt Bay, CA, and S :
Juvenile fish 0.25 416 in ocean near mouth | c/assified as phytoplankton/algae, zooplankton, benthic Gotshall (1977)

Slender crab — combined edible meat and hepatopancreas

Phase 2 (2004, 2005)

PCB concentration).
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Weight (kg ww) (all LDW) (0.112 = 0.260) 74 LDW Mean of all individual specimens in composites slender crab data
Weight (kg ww) (modeling | 0.170 L . . . Phase 2 (2004, 2005)
area M) (0.120 — 0.260) 16 Area T1 Mean of all individual specimens in composites slender crab data
Weight (kg ww) (modeling | 0.170 . . . . Phase 2 (2004, 2005)
area M2) (0.120 — 0.230) 40 Area T2 Mean of all individual specimens in composites slender crab data
i Weight (kg ww) (modeling | 0.150 R . . . Phase 2 (2004, 2005)

area M3) (0.110 = 0.210) 18 Area T3 Mean of all individual specimens in composites slender crab data
Weight (kg ww) (modeling Phase 2 (2004, 2005)
area M4) na na Area T4 No slender crabs were collected from T4. slender crab data

. Based on average Phase 2 (2004, 2005) data. Whole body = (0.31 x

0,

Lipid content (% ww) (all 1.1 5 LDW hepatopancreas total PCB concentration) + (0.69 x edible meat total Phase 2 (2004, 2005)
LDW) (0.98-1.4) PCB concentration) slender crab data

. Based on average Phase 2 (2004, 2005) data. Whole body = (0.31 x
Lipid content (% ww) 0.98 1 Area T1 hepatopancreas total PCB concentration) + (0.69 x edible meat total Phase 2 (2004, 2005)
(modeling area M1) PCB concentration) slender crab data

. Based on average Phase 2 (2004, 2005) data. Whole body = (0.31 x i
Lipid content (% ww) 1.1 : : Phase 2 (2004, 2005)
(modeling area M2) (0.98 - 1.4) 3 Area T2 hepatopancreas total PCB concentration) + (0.69 x edible meat total slender crab data




Table A-2-3, cont.

zooplankton model compartment may provide a more realistic
surrogate for the crabs and shrimps consumed as prey than the
benthic invertebrate compartment.

...... VALUE - MEAN SAMPLE LOCALE OF DATA
PARAMETER {range) SIzE COLLECTION NoOTES SOURCE
" Based on average Phase 2 (2004, 2005) data. Whole body = (0.31 x
0,
I(_rlrséc(ij:ﬁ:te:rte(a/on;v)v) 1.0 1 Area T3 hepatopancreas total PCB concentration) + (0.69 x edible meat total Zgizeerz C(rzagoga‘tzaoos)
9 PCB concentration).
Lipid content (% ww) Phase 2 (2004, 2005)
(modeling area M4) na na Area T4 No slender crabs were collected from T4. slender crab data
Based on average Phase 2 (2004, 2005) data. Whole body = (0.31 x
0,
X\gx; content (% ww) (all ?832'65 -- 85.6) 5 LDW hepatopancreas total PCB concentration) + (0.69 x edible meat total Zgizeerzc(rigogééooa
' ' PCB concentration).
Based on average Phase 2 (2004, 2005) data. Whole body = (0.31 x
0,
Water gontent (% ww) 82.9 1 Area T1 hepatopancreas total PCB concentration) + (0.69 x edible meat total Phase 2 (2004, 2005)
(modeling area M1) slender crab data
PCB concentration).
Based on average Phase 2 (2004, 2005) data. Whole body = (0.31 x
Water content (% ww) 83.2 : . Phase 2 (2004, 2005)
(modeling area M2) (82.5 - 83.6) 3 Area T2 gzpstgg::ec;gzz;ﬂtfl PCB concentration) + (0.69 x edible meat total slender crab data
""" Based on average Phase 2 (2004, 2005) data. Whole body = (0.31 x L o
0,
\(/x'litgtrel?r? ntaerr;ta(ﬁ;)vw ) 85.6 1 Area T3 hepatopancreas total PCB concentration) + (0.69 x edible meat total Zgiiirzc(é%o;ééoos)
9 PCB concentration).
Water content (% ww) Phase 2 (2004, 2005)
(modeling area M4) na na Area T4 No slender crabs were collected from T4, slender crab data
. Slender crabs live on sediment surface and ventilate some water Winsor et al. (1990);
Fraction of porewater 0.02
ventilated (d 01 -0.03) na na from just above sediment surface (also stir up sediments when Gobas and Wilcockson
’ ) i foraging). (2003)
Dietary Scenario 1 for slender crab (fraction)
% of individual identifiable prey in stomach contents classified as
Benthic invertebrates 0.99 40 Hecate Strait, BC phytoplankton/algae, zooplankton, benthic invertebrates and fish. Bernard (1979)
Scenario 1 classifies crabs and shrimp as benthic invertebrates.
% of individual identifiable prey in stomach contents classified as Bernard (1979)
Juvenile fish 0.01 : 40 Hecate Strait, BC phytoplankton/algae, zooplankton, benthic invertebrates and fish.
Scenario 1 classifies crabs and shrimp as benthic invertebrates.
Dietary Scenario 2 for slender crab (fraction)
% of individual identifiable prey in stomach contents classified as Bernard (1979)
phytoplankton/algae, zooplankton, benthic invertebrates and fish.
Scenario 2 classifies crabs and shrimp as zooplankton because no
zooplankton 0.12 40 Hecate Strait, BC crab and shrimp prey model compartment was created and the
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Table A-2-3, cont.

PARAMETER

VALUE - MEAN
(range}

SAMPLE
SIzE

LOCALE OF DATA
COLLECTION

NOTES

SOURCE

Benthic invertebrates

0.87

40

Hecate Strait, BC

% of individual identifiable prey in stomach contents classified as
phytoplankton/algae, zooplankton, benthic invertebrates and fish.
Scenario 2 classifies crabs and shrimp as zooplankton because no
crab and shrimp prey model compartment was created and the
zooplankton model compartment may provide a more realistic
surrogate for the crabs and shrimps consumed as prey than the
benthic invertebrate compartment.

Bernard (1979)

Juvenile fish

0.01

40

Hecate Strait, BC

% of individual identifiable prey in stomach contents classified as
phytoplankton/algae, zooplankton, benthic invertebrates and fish.
Scenario 2 classifies crabs and shrimp as zooplankton because no
crab and shrimp prey model compartment was created and the
zooplankton model compartment may provide a more realistic
surrogate for the crabs and shrimps consumed as prey than the
benthic invertebrate compartment..

Bernard (2005)

Dietary Scenario 3 for siender crab (fraction)

Benthic invertebrates

0.90

na

na

Synthesis of available dietary information

. C. Jensen
- (1979);Bernard (1977)

Sediment

0.10

0.006

na

na

LDW, East Passage,

Based on their primarily benthic diet

Mean of all individual s 80 mm shiner surfperch specimens for which

Phase 2 (2004, 2005)

Juvenile Fish

Weight (kg ww) (0.004 - 0.007) 16 and Blake Island weight data were available. shiner surfperch data
Estimated assuming that lipids are lower than adult English sole and ;
S 2.5 adult shiner surfperch lipids with range proportional to range i Phase 2 (2004, 2005)
0,
Lipid content (% ww) (1.4 -3.6) 49 Lbw observed in adults (on average +/- 45% of mean). Juvenile chinook shiner surfperch data
0.6to0 2.8 avg 1.4.
73.9 . - Phase 2 (2004, 2005)
0,
Water content (% ww) (69.6-77.2) 46 LDW Calculated using Phase 2 shiner surfperch data. shiner surfperch data
. Fraction of porewater 0.01 na na Shiner surfperch live in water column and feed at sediment surface,
; ventilated (0.005-0.02) English sole live on sediment surface and burrow into sediment.

Dietary Scenario 1 for juvenile fish (fraction)

0.07

north Puget Sound,

Average % total weight of identifiable prey in juvenile English sole
and adult shiner surfperch stomach contents classified as

Miller et al. (1977);

Zooplankton (0.00 - 0.15) 12 ;?:tr:;ru*g:taf:und‘ phytoplankton/algae, zooplankton, or benthic invertebrates. Scenario C&%Sheftt;ta(ﬂ ?17997)5)
qually 1 classifies crabs and shrimp as benthic invertebrates. 9 '
north Puget Sound Average % total weight of identifiable prey in juvenile English sole Miller et al. (1977);
o 0.93 ' and adult shiner surfperch stomach contents classified as Fresh et al.
Benthic invertebrates (0.85-1) 12 ;(ie:t:laglrugggfﬁund. phytoplankton/algae, zooplankton, or benthic invertebrates. Scenario | (1979);Wingert et al.
qually 1 classifies crabs and shrimp as benthic invertebrates. (1979)
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Table A-2-3, cont.

LOCALE OF DATA
COLLECTION

VALUE — MEAN SAMPLE
PARAMETER (range) SizE

NOTES SOURCE

Dietary Scenario 2 for juvenile fish (fraction)

0.17

Zooplankton (0.00 - 0.57)

112

north Puget Sound,
central Puget Sound,
Nisqually Reach

Average % total weight of identifiable prey in juvenile English sole
and adult shiner surfperch stomach contents classified as
phytoplankton/algae, zooplankton, or benthic invertebrates. Scenario
2 classifies crabs and shrimp as zooplankton because no crab and
shrimp prey model compartment was created and the zooplankton
model compartment may provide a more realistic surrogate for the
crabs and shrimps consumed as prey than the benthic invertebrate
compartment.

Miller et al. (1977);
Fresh et al. (1979);
Wingert et al. (1979)

0.83

Benthic invertebrates (0.43 - 1)

112

north Puget Sound,
central Puget Sound,
Nisqually Reach

Average % total weight of identifiable prey in juvenile English sole
and adult shiner surfperch stomach contents classified as
phytoplankton/algae, zooplankton, or benthic invertebrates. Scenario
2 classifies crabs and shrimp as zooplankton because no crab and
shrimp prey model compartment was created and the zooplankton
model compartment may provide a more realistic surrogate for the
crabs and shrimps consumed as prey than the benthic invertebrate
compartment.

Miller et al. (1977);
Fresh et al. (1979);
Wingert et al. (1979)

Dietary Scenario 3 for juvenile fish (fraction)

Synthesis of three open-water studies (Fresh et al. 1979; Miller et al.
1977; Wingen et al. 1979), considering additional general juvenile

Gordon (1970);
Bane and Robinson
(1967); Boothe (1977),

Zooplankton 0.05 na na shiner surfperch dietary information and considering that, as an Miller et al. (1977):
estuary, the LDW may have a more benthic-dominated food web Fresh et ai (1979)‘_
(Simenstad and Watson 1983). . Wingert et al. (1979)
Synthesis of three open-water studies (Fresh et al. 1979; Miller et al. g:;io:ng %70(2;“50”
1977; Wingert et al. 1979), considering additional general juvenile (1967): Boothe (1977):

Benthic invertebrates 0.85 na na shiner surfperch dietary information and considering that, as an Miller ét al. (1977); !
estuary, the LDW may have a more benthic-dominated food web Fresh et al‘ (1979)’_
(Simenstad and Watson 1983). Wingert et .aI A 97'9)

Sediment 0.10 na na Best professional judgment in consideration of benthic diet

Shiner surfperch .

Weight (kg ww) 0.017 Lo . . . Phase 2 (2004, 2005)
(all LDW) (0.002 — 0.047) 458 LDW Mean of all individual specimens in composite samples shiner surfperch data
Weight (kg ww) 0.018 . o . . . Phase 2 (2004, 2005)
(modeling area M1) (0.007 = 0.047) 119 Area T1 Mean of all individual specimens in composite samples shiner surfperch data
Weight (kg ww) 0.017 119 Area T2 Mean of all individual specimens in composite samples Phase 2 (2004, 2005)

(modeling area M2) (0.007 - 0.040)

Lower Duwamish Waterway Group

Port of Seattie | City of Seattie | King County | The Boeing Company

shiner surfperch data

FWM memorandum 3:
Appendix A

April 7, 2006
Page 24



Table A-2-3, cont.

VALUE — MEAN SAMPLE LocaLE OF DATA
PARAMETER (range) Size COLLECTION NOTES SOURCE

Weight (kg ww) 0.017 o . . . " Phase 2 (2004, 2005)
(modeling area M3) (0.011 = 0.041) 120 Area T3 Mean of all individual specimens in composite samples shiner surfperch data
Weight (kg ww) 0.016 R . . . Phase 2 (2004, 2005)
(modeling area M4) (0.007 — 0.042) 100 Area T4 Mean of all individual specimens in composite samples fish and crab data

- o Phase 1 and Phase 2
Lipid content (% ww) 4.6 49 LDW Mean of all composite samples (2004, 2005) shiner
(all LDW) (1.6-6.9)

surfperch data

- o Phase 1 and Phase 2

I(‘r:,?;%:ﬁ:te::e(aA’M“;‘;’) ?1 16 -6.2) 15 Area T1 Mean of all composite samples (2004, 2005) shiner
9 ' ' surfperch data

Lipid content (% ww) 4.7 . Phase 2 (2004, 2005)
(modeling area M2) (2.5-6.0) 12 Area T2 Mean of all composite samples shiner surfperch data
Lipid content (% ww) 49 Area T3 ) Phase 2 (2004, 2005)
(modeling area M3) (3.1-6.9) 12 Mean of all composite samples shiner surfperch data
Lipid content (% ww) 5.0 . Phase 2 (2004, 2005)
(modeling area M4) (3.0-6.9) 10 Area T4 Mean of all composite samples shiner surfperch data
Water content (% ww) 73.9 46 LDW Mean of all composite samples Phase 2 (2004, 2005)
(all LDW) (69.6-77.2) shiner surfperch data
Water content (% ww) 741 12 Area T1 Mean of all composite samples Phase 2 (2004, 2005)
(modeling area M1) (70.4 - 76.5) shiner surfperch data
Water content (% ww) 74.4 12 Area T2 Mean of all composite samples Phase 2 (2004, 2005)
(modeling area M2) (72.7-77.2) shiner surfperch data
Water content (% ww) 73.5 12 Area T3 Mean of all composite samples Phase 2 (2004, 2005)
(modeling area M3) (69.6 — 77.0) shiner surfperch data
Water content (% ww) 73.6 10 Area T4 Mean of all composite samples Phase 2 (2004, 2005)
(modeling area M4) (69.7 -77.2) shiner surfperch data
Fraction of porewater 0.01 . L . Gobas and Wilcockson
ventilated (0.005 — 0.02) na na Shiner surfperch live in water column and feed at sediment surface. (1977)

Dietary Scenario 1 for shiner surfperch (fraction)

Zooplankton

0.14
0.00 - 0.38)

65

north Puget Sound,

central Puget Sound,
Nisqually Reach

Lower Duwamish Waterway Group
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Miller et al. (1977);
Fresh et al. (1979);
Wingert et al. (1979)
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Nisqually Reach

invertebrates.

' VALUE— MEAN SAMPLE LOCALE OF DATA
PARAMETER (range) Si1zE _ COLLECTION NOTES SOURCE
Average % total weight of identifiable prey in stomach contents . .
! Benthic invertebrates 0.86 65 22:{: ;;%ete?%%?i‘ d classified as phytoplankton/algae, zooplankton, or benthic Il\=nrl<|=_|:|: eettaa|i ((119977?)',
(0.62 - 0.95) g ' invertebrates. Scenario 1 classifies crabs and shrimp as benthic ) .

Wingert et al. (1979)

Dietary Scenario 2 for shiner surfperch (fraction)

0.21

north Puget Sound,

Average % total weight of identifiable prey in stomach contents
classified as phytoplankton/algae, zooplankton, or benthic
invertebrates. Scenario 2 classifies crabs and shrimp as zooplankton

Miller et al. (1977);
Fresh et al. (1979);
Wingert et al. (1979)

Nisqually Reach

Zooplankton (0.00 — 0.57) 65 central Puget Sound, because no crab and shrimp prey model compartment was created
; ' Nisqually Reach and the zooplankton model compartment may provide a more
realistic surrogate for the crabs and shrimps consumed as prey than
the benthic invertebrate compartment.
Average % total weight of identifiable prey in stomach contents Miller et al. (1977);
classified as phytoplankton/algae, zooplankton, or benthic Fresh et al. (1979);
0.79 north Puget Sound, invertebrates. Scenario 2 classifies crabs and shrimp as zooplankton : Wingert et al. (1979)
Benthic invertebrates ((') 43-1) 65 central Puget Sound, because no crab and shrimp prey model compartment was created

and the zooplankton model compartment may provide a more
realistic surrogate for the crabs and shrimps consumed as prey than
the benthic invertebrate compartment.

Dietary Scenario 3 for shiner surfperch (fraction)

Zooplankton

0.10

na

na

Synthesis of three open-water studies (Fresh et al. 1979; Miller et al.
1977; Wingert et al. 1979), considering additional general juvenile
shiner surfperch dietary information and considering that, as an
estuary, the LDW may have a more benthic-dominated food web
(Simenstad and Watson 1983).

Miller et al. (1977);
Fresh et al. (1979);
Wingert et al. (1879)

Benthic invertebrates

0.80

na

na

Synthesis of three open-water studies (Fresh et al. 1979; Miller et al.
1977, Wingert et al. 1979), considering additional general juvenile
shiner surfperch dietary information and considering that, as an
estuary, the LDW may have a more benthic-dominated food web
(Simenstad and Watson 1983).

Miller et al. (1977);
Fresh et al. (1979);
Wingert et al. (1979)

Sediment

Weight (kg ww)

0.10

0.198

na

na

Best professional judgment in consideration of benthic diet

Phase 2 (2004, 2005)

(modeling area M2)

(0.088 — 0.525)

(all LDW) (0.073 — 0.600) 245 LDW Mean of all individual specimens in whole body composite samples English sole data
Weight (kg ww) S 0.171 s . . . Phase 2 (2004, 2005)
(modeling area M1) (0.076 — 0.500) 67 Area T1 Mean of all individual specimens in whole body composite samples English sole data
Weight (kg ww) 0.189 67 Area T2 Phase 2 (2004, 2005)

English sole data
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VALUE — MEAN SAMPLE LOCALE OF DATA
PARAMETER (range) SIZE COLLECTION NOTES SOURCE
Weight (kg ww) 0.216 Lo . . . Phase 2 (2004, 2005)
(modeling area M3) (0.079 — 0.404) 70 Area T3 Mean of all individual specimens in whole body composite samples English sole data
Weight (kg ww) 0.236 L . . . Phase 2 (2004, 2005)
(modeling area M4) (0.073 — 0.600) 68 Area T4 Mean of all individual specimens in whole body composite samples English sole data
Lipid content (% ww) 55 . Phase 2 (2004, 2005)
(all LDW) (2.6 - 8.7) 42 LDW Mean of all composite samples English sole data
Lipid content (% ww) 52 . Phase 2 (2004, 2005)
(modeling area M1) (3.1-6.8) 12 Area T1 Mean of all composite samples English sole data
Lipid content (% ww) 6.4 . Phase 2 (2004, 2005)
(modeling area M2) (4.9-8.7) 12 Area T2 Mean of all composite samples English sole data
Lipid content (% ww) 5.0 . Phase 2 (2004, 2005)
(modeling area M3) 26-17.5) 12 Area T3 Mean of all composite samples English sole data
Lipid content (% ww) 5.4 6 Area T4 Mean of all composite samples Phase 2 (2004, 2005)
(modeling area M4) (3.9-6.3) English sole data
Water content (% ww) 75.0 42 LDW Mean of all composite samples Phase 2 (2004, 2005)
(all LDW) (71.0 - 79.0) English sole data
Water content (% ww) 75.5 12 Area T1 Mean of all composite samples Phase 2 (2004, 2005)
(modeling area M1) (73.4-79.0) English sole data
Water content (% ww) 73.9 12 Area T2 Mean of all composite samples Phase 2 (2004, 2005)
(modeling area M2) (71.4-76.9) English sole data
Water content (% ww) 75.4 12 Area T3 Mean of all composite samples Phase 2 (2004, 2005)
(modeling area M3) (73.4-78.8) English sole data
Water content (% ww) 75.0 6 Area T4 Mean of all composite samples Pha§e 2 (2004, 2005)
{modeling area M4) (74.0-76.2) English sole data
Fraction of porewater 01 na LDW English sole feed at the sediment surface and burrow into the (Gobas and Wilcockson
ventilated (0.05-0.2) sediment. 2003)
Dietary Scenario 1 for English sole (fraction)
Average % total weight of identifiable prey in stomach contents
Phytoplankton/algae 0.08 135 central Puget Sound, classified as either phytoplankton/algae, zooplankton, or benthic Fresh et al. (1979);
P 9 (0.05-0.10) Nisqually Reach invertebrates. Scenario 1 classifies crabs and shrimp as benthic Wingert et al. (1979)
invertebrates.
Average % total weight of identifiable prey in stomach contents
Benthic invertebrates 0.92 135 central Puget Sound, classified as either phytoplankton/algae, zooplankton, or benthic Fresh et al. (1979);
(0.90 - 0.95) Nisqually Reach invertebrates. Scenario 1 classifies crabs and shrimp as benthic Wingert et al. (1979)
invertebrates.
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Table A-2-3, cont.

LOCALE OF DATA

0.060

VALUE - MEAN SAMPLE
PARAMETER {range) Size COLLECTION NOTES SOURCE
Dietary Scenario 2 for English sole (fraction)
Average % total weight of identifiable prey in stomach contents
classified as either phytoplankton/algae, zooplankton, or benthic
invertebrates. Scenario 2 classifies crabs and shrimp as zooplankton .
Phytoplankton/algae ?(')0075 ~0.10) 135 ﬁjei:tfa:lrulg:tafr? und, because no crab and shrimp prey model compartment was created CJESheitgl'a$1?17:;§)
' ' quatly and the zooplankton model compartment may provide a more 9 ’
realistic surrogate for the crabs and shrimps consumed as prey than
the benthic invertebrate compartment.
i Average % total weight of identifiable prey in stomach contents
classified as phytoplankton/algae, zooplankton, or benthic
invertebrates. Scenario 2 classifies crabs and shrimp as zooplankton .
Zooplankton ?60050 ~0.09) 135 ?q?:tfa“ru}g:tagﬁ und, because no crab and shrimp prey model compartment was created C\;?HSheit;l'a('1(g17997)’9)
' ’ qually and the zooplankton model compartment may provide a more ¢ '
realistic surrogate for the crabs and shrimps consumed as prey than
the benthic invertebrate compartment.
Average % total weight of identifiable prey in stomach contents
classified as either phytoplankton/algae, zooplankton, or benthic
invertebrates. Scenario 2 classifies crabs and shrimp as zooplankton .
Benthic invertebrates ?(58886 ~0.90) 135 (rilei:t?alllrulgztasr? und, because no crab and shrimp prey mode! compartment was created C&%Sherettgl'a(ﬂ(gr 57)9)
' ’ qually and the zooplankton model compartment may provide a more g '
realistic surrogate for the crabs and shrimps consumed as prey than
the benthic invertebrate compartment.
Dietary Scenario 3 for English sole (fraction)
Synthesis of two open-water studies (Fresh et al. 1979; Wingert et Fresh et al. (1979);
Benthic invertebrates 0.90 na na al. 1979) considering that, as an estuary, the LDW may have a more Wingert etél (197‘9)
benthic dominated food web (Simenstad and Watson 1983) 9 '
Sediment 0.10 na na Best professional judgment in consideration of benthic diet Fresh etal. (1979),

Wingert et al. (1979)

Pacific staghorn sculpin

Phase 2 (2004, 2005)

area M2)

(0.020 - 0.227)

Weight (kg ww) (all LDW) (0.013 - 0.227) 272 LDW Mean of all individual specimens in composite samples zaciﬁc staghorn sculpin
’ ’ ata
. . Phase 2 (2004, 2005)
Weight (kg ww) (modeling | 0.065 s . . . ) .
area M1) (0.018 — 0.180) 67 Area T1 Mean of all individual specimens in composite samples Zaagﬁc staghorn sculpin
- : . . Phase2(2004200 5)
Weight (kg ww) (modeling | 0.067 67 Area T2 Mean of all individual specimens in composite samples Pacific staghorn sculpin

data
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Table A-2-3, cont.

VALUE — MEAN SAMPLE LoCALE OF DATA
PARAMETER {range) Size COLLECTION NOTES SOURCE
. . Phase 2 (2004, 2005)
Weight (kg ww) (modeling | 0.058 A . . . - )
area M3) (0.016 — 0.164) 70 Area T3 Mean of all individual specimens in composite samples ::tcalflc staghorn sculpin
) . Phase 2 (2004, 2005)
Weight (kg ww) (modeling | 0.050 R . . . o .
area M4) (0.013 - 0.168) 68 Area T4 Mean of all individual specimens in composite samples z’aatcalflc staghorn sculpin
. Phase 2 (2004, 2005)
Lipid content (% ww) (all 2.1 28 LDW Mean of all composite samples Pacific staghorn sculpin
LDW) (1.2-27) data _
L Phase 2 (2004, 2005) |
Lipid content (% ww) 2.2 . ) ) )
(modeling area M1) (1.8-2.4) 7 Area T1 Mean of all composite samples ::tc:ﬂc staghorn sculpin
i " Phase 2 (2004, 2005)
Lipid content (% ww) 2.2 . - .
(modeling area M2) (1.8-27) 7 Area T2 Mean of all composite samples (I:aatcalflc staghorn sculpin
N ' Phase 2 (2004, 2005)
Lipid content (% ww) 1.8 . ; .
(modeling area M3) (1.3-2.1) 7 Area T3 Mean of all composite samples g:gﬁc staghorn sculpin
- Phase 2 (2004, 2005)
Lipid content (% ww) 19 . . )
(modeling area M4) (12-25) 7 Area T4 Mean of all composite samples Z’:gﬁc staghorn sculpin
e Phase 2 (2004, 2005)
| Water content (% ww) (all | 79.0 28 LDW Mean of all composite samples Pacific staghorn sculpin
! LDW) (78.0 - 80.5) data
I
: Phase 2 (2004, 2005)
Water content (% ww) 78.6 . > )
(modeling area M1) (78.0 - 79.6) 7 Area T1 Mean of all composite samples dpaatcalflc staghorn sculpin
Phase 2 (2004, 2005)
Water content (% ww) 78.9 . o .
(modeling area M2) (78.0 - 80.3) 7 Area T2 Mean of all composite samples Z:gflc staghorn sculpin
Phase 2 (2004, 2005)
Water content (% ww) 79.2 . o .
(modeling area M3) (78.9 - 79.7) 7 Area T3 Mean of all composite samples dP:tcalflc staghorn sculpin
Phase 2 (2004, 2005)
Water content (% ww) 79.2 . : o )
(modeling area M4) (78.3 - 80.5) 7 Area T4 Mean of all composite samples ‘ (I';’:gflc staghorn sculpin
Fraction of porewater 0.05 na LDW Pacific staghorn sculpin feed at the sediment surface and burrow
ventilated (0.02-01) . N0 the sediment, e e o |
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Table A-2-3, cont.

PARAMETER

VALUE — MEAN
(range)

SAMPLE

SIzE

LOCALE OF DATA
COLLECTION

NOTES

SOURCE

Dietary Scenario 1 for Pacific staghorn sculpin (fraction)

north Puget Sound,

Average % total weight of identifiable prey in stomach contents

Miller et al. (1977);

. 0.56 classified as either phytoplankton/algae, zooplankton, benthic .
Benthic invertebrates (0.32-0.83) 133 ;?:tr:;;’ugztas:und' invertebrates, or fish. Scenario 1 classifies crabs and shrimp as \';\;ienShestt;IIa(|1(917997)‘9)
qually benthic invertebrates. g )
Average % total weight of identifiable prey in stomach contents ) .
Juvenile fish 0.44 133 zgrzttr:ailallj’%ete?g:)?ﬁ{d classified as either phytoplankton/algae, zooplankton, benthic m“::‘iﬁi ((11%772)’_
(0.17 - 0.68) g ! invertebrates, or fish. Scenario 1 classifies crabs and shrimp as ’ .

Nisqually Reach

benthic invertebrates.

Wingert et al. (1979)

Dietary Scenario 2 for Pacific staghorn sculpin (fraction)

Zooplankton

133

north Puget Sound,
central Puget Sound,
Nisqually Reach

Average % total weight of identifiable prey in stomach contents
classified as either phytoplankton/algae, zooplankton, benthic
invertebrates, or fish. Scenario 2 classifies crabs and shrimp as
zooplankton because no crab and shrimp prey model compartment
was created and the zooplankton model compartment may provide a
more realistic surrogate for the crabs and shrimps consumed as
prey than the benthic invertebrate compartment.

Miller et al. (1977),
Fresh et al. (1979);
Wingert et al. (1979)

Benthic invertebrates

133

north Puget Sound,
central Puget Sound,
Nisqually Reach

Average % total weight of identifiable prey in stomach contents
classified as either phytoplankton/algae, zooplankton, benthic
invertebrates, or fish. Scenario 2 classifies crabs and shrimp as
zooplankton because no crab and shrimp prey model compartment
was created and the zooplankton model compartment may provide a
more realistic surrogate for the crabs and shrimps consumed as
prey than the benthic invertebrate compartment.

Miller et al. (1977);
Fresh et al. (1979),
Wingert et al. (1979)

Juvenile fish

0.37
(0.29 - 0.50)
0.19
(0.04 - 0.32)
0.44
0.17 - 0.68)

133

north Puget Sound,
central Puget Sound,
Nisqually Reach

Average % total weight of identifiable prey in stomach contents
classified as either phytoplankton/algae, zooplankton, benthic
invertebrates, or fish. Scenario 2 classifies crabs and shrimp as
zooplankton because no crab and shrimp prey modei compartment
was created and the zooplankton model compartment may provide a
more realistic surrogate for the crabs and shrimps consumed as
prey than the benthic invertebrate compartment.

Miller et al. (1977);
Fresh et al. (1979);
Wingert et al. (1979)

Dietary Scenario 3 for Pacific staghorn sculpin (fraction)

Zooplankton

0.25

na

na

Synthesis of three open-water studies (Fresh et al. 1979; Miller et al.
1977, Wingert et al. 1979) considering that, as an estuary, the LDW
may have a more benthic dominated food web (Simenstad and
Watson 1983); but crabs and shrimp have less sediment exposure
than infaunal benthic invertebrates, therefore 25% of diet considered
zooplankton.

Miller et al. (1977);
Fresh et al. (1979);
Wingert et al. (1979)

Lower Duwamish Waterway Group

Port of Seattie | Clity of Seattie | King County | The Boelng Company

FWM memorandum 3:
Appendix A

April 7, 2006
Page 30



Table A-2-3, cont.

"VALUE - MeAN SAMPLE LOCALE OF DATA
PARAMETER (range) Size COLLECTION NOTES _ SOURCE
Synthesis of three open-water studies (Fresh et al. 1979; Miller et al.
1977, Wingert et al. 1979) considering that, as an estuary, the LDW Miller et al. (1977):
- may have a more benthic-dominated food web (Simenstad and ( "
Benthic invertebrates 0.50 na na Watson 1983); but crabs and shrimp have less sediment exposure C\;;She?tteatlé(l1?17£ag7)§)
than infaunal benthic invertebrates, therefore 25% of diet considered 9 ’
zooplankton.
Synthesis of three open-water studies (Fresh et al. 1979; Miller et al. Miller et al. (1977):
Juvenile fish 0.15 na na 1977; Wingert et al. 197_9) congdenng that, as an estuary, the LDW Fresh et al. (1979);
may have a more benthic-dominated food web (Simenstad and Wingert et al. (1979)
Watson 1983). g :
Miller et al. (1977),
Sediment 0.10 na na Best professional judgment in consideration of benthic diet. Fresh et al. (1979);

Wingert et al. (1979)

LDW — Lower Duwamish Waterway

na — not available

NLOC - non-lipid organic carbon

nr — not reported
tbd - to be determined

ww — wet weight
a

Lower Duwamish Waterway Group

Port of Seattie | City of Seattle | King County | The Boeing Company
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Table A-2-4. Total PCB tissue concentrations in fish and invertebrate species to be used to evaluate model

performance
ToTAL PCB TISSUE
CONCENTRATION
No. oF
(Hglkg ww) COMPOSITE
AREA MODELED AVERAGE RANGE SAMPLES NOTES SOURCE
Benthic invertebrates
Average was estimated using surface sqdiment total Phase 2 (2004) benthic
PCB.s SWAC gf 250 pg/kg qw for the entire LDW and data (for range 1 data)
the tissue-sediment regression derived from 20 co-
located benthic invertebrate tissue and surface A"leralgf :"}d ra”F?: 2 )
1) 60 — 1,400 sediment samples. ~ calculated from Fhase
AlLDW 1701 2) 150 - 200 20 Range 1 is based on 10 intertidal and 10 subtidal (2004) benthic tissue
samples collected throughout the LDW. Range 2 is data and co-located
based on the 95% confidence interval on the mean (for | S€diment data, and
the regression-estimated average tissue Phase 1 and Phase 2
concentration). sediment data
Average was estimated using sediment total PCBs Phase 2 (2004) benthic
SWAC of 280 ug/kg dw in area M1 and the tissue- data (for range 1 data)
sediment regression derived from 20 co-located Average and range 2
. 1) 66 — 310 benthic invertebrate tissue and surface sediment calculated from Phase 2
Modeling area M1 180 2) 150 — 210 6 samples. (2004) benthic tissue
Range 1 is based on 3 intertidal and 3 subtidal data and co-located
samples collected in area M1. Range 2 is based on sediment data, and
the 95% confidence interval on the mean (for the Phase 1 and Phase 2
regression-estimated average tissue concentration). sediment data
Average was estimated using sediment total PCBs Phase 2 (2004) benthic
SWAC of 160 pg/kg dw in area M2 and the tissue- data (for range 1 data)
sediment regression derived from 20 co-located Average and range 2
. 1) 100 — 1,400 benthic invertebrate tissue and surface sediment calculated from Phase 2
Modeling area M2 150 2) 130 - 170 6 samples. (2004) benthic tissue
Range 1 is based on 3 intertidal and 3 subtidal data and co-located
samples collected in area M2. Range 2 is based on sediment data, and
the 95% confidence interval on the mean (for the Phase 1 and Phase 2
regression-estimated average tissue concentration). sediment data




Table A-2-4, cont.

TOTAL PCB TISSUE
CONCENTRATION
No. oF
(kg ww) COMPOSITE
AREA MODELED AVERAGE RANGE SAMPLES NoTES SOURCE
Average was estimated using sediment total PCBs Phase 2 (2004) benthic
SWAC of 470 pg/kg dw in area M3 and the tissue- data (for range 1 data)
sediment regression derived from 20 co-located Average and range 2
1) 99 — 1,400 benthic invertebrate tissue and surface sediment calculated from Phase 2

Modeling area M3 220 2) 180 — ’270 4 samples. (2004) benthic tissue
Range 1 is based on 2 intertidal and 2 subtidal data and co-located
samples collected in area M3. Range 2 is based on sediment data, and
the 95% confidence interval on the mean (for the Phase 1 and Phase 2
regression-estimated average tissue concentration). sediment data
Average was estimated using sediment total PCBs Phase 2 (2004) benthic
SWAC of 41 ug/kg dw in area M4 and the tissue- data (for range 1 data)
sediment regression derived from 20 co-located Average and range 2

1) 60 - 110 benthic invertebrate tissue and surface sediment calculated from Phase 2

Modeling area M4 92 2) 80 — 100 4 samples. (2004) benthic tissue
Range 1 is based on 2 intertidal and 2 subtidal data and co-located
samples collected in area M4. Range 2 is based on sediment data, and
the 95% confidence interval on the mean (for the Phase 1 and Phase 2
regression-estimated average tissue concentration). sediment data

Dungeness crab — combined edible meat and hepatopancreas

Based on average Phase 1 and Phase 2 (2004, 2005) Phase 1 and Phase 2

All LDW 080 420 — 1,900 7 data. Whole body = (0.31 x hepatopancreas total PCB

concentration) + (0.69 x edible meat total PCB E:nggdcfj a2t205) Dungeness
concentration)
Based on average Phase 1 and Phase 2 (2004, 2005)
Phase 1 and Phase 2
. _ data. Whole body = (0.31 x hepatopancreas total PCB
Modeling area M1 830 450 — 1,400 3 concentration) + (0.69 x edible meat total PCB (2004, 2005) Dungeness
- crab data
concentration)
Based on average Phase 2 (2004, 2005) data. Whole
. _ body = (0.31 x hepatopancreas total PCB Phase 2 (2004, 2005)
Modeling area M3 1,000 420-1,600 2 concentration) + (0.69 x edible meat total PCB Dungeness crab data
concentration)
= FWM randum 3:
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Table A-2-4, cont.

TOTAL PCB TISSUE
CONCENTRATION
No. oF
... (nglkg ww) COMPOSITE
AREA MODELED AVERAGE RANGE SAMPLES NOTES SOURCE
Based on average Phase 2 (2004, 2005) data. Whole
. _ body = (0.31 x hepatopancreas total PCB Phase 2 (2004, 2005)
Modeling area M4 1,200 420 -1,900 2 concentration) + (0.69 x edible meat total PCB Dungeness crab data
concentration)
Slender crab - combined edible meat and hepatopancreas
Based on average Phase 2 (2004, 2005) data. Whole
_ body = (0.31 x hepatopancreas total PCB Phase 2 (2004, 2005)
: AllLDW 620 250 - 800 5 concentration) + (0.69 x edible meat total PCB slender crab data
concentration)
: Based on average Phase 2 (2004, 2005) data. Whole
. body = (0.31 x hepatopancreas total PCB Phase 2 (2004, 2005)
Modeling area M1 650 | na L concentration) + (0.69 x edible meat total PCB slender crab data
concentration)
Based on average Phase 2 (2004, 2005) data. Whole
Modeling area M2 600 250 — 800 3 body = (0.31 x hepatopancreas total PCB Phase 2 (2004, 2005)

concentration) + (0.69 x edible meat total PCB
concentration)

slender crab data

Modeling area M3

Shiner surfperch — whole body

630 na

Based on average Phase 2 (2004, 2005) data. Whole
body = (0.31 x hepatopancreas total PCB
concentration) + (0.69 x edible meat total PCB
concentration)

Phase 2 (2004, 2005)
slender crab data

Phase 1 and Phase 2

.~ Al LDW 1,800 | 350-18,000 51 (2004, 2005) shiner
surfperch data
Phase 1 and Phase 2
. Modeling area M1 970 350 - 1,800 15 (2004, 2005) shiner
surfperch data
. _ Average is 1,400 pg/kg ww if the 2004 T2E 18,000- Phase 2 (2004, 2005)
Modeling area M2 2,800 660 — 18,000 12 Hg/kg ww sample is excluded shiner surfperch data
Modeling area M3 700 - 8,800 12 Phase 2 (2004, 2005)

2,700

shiner surfperch data
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Table A-2-4, cont.

English sole — whole body

TOTAL PCB TISSUE
CONCENTRATION
No. oF
(Hglkg ww) COMPOSITE
AREA MODELED AVERAGE RANGE SAMPLES NoTEs SOURCE
Phase 1 and Phase 2
Modeling area M4 840 540 —2,100 12 (2004, 2005) shiner

surfperch data

Phase 2 (2004, 2005)

AlLDW 2300 610-4.700 42 English sole data
Modeling area M1 2,600 | 1,100 - 4,700 12 E:gﬁ:hZS(oZlgodgéO%)

| Modeling area M2 2,900 | 1,600 —4,200 12 E:gﬁsehZS(oZlgodzéOOS)
Modeling area M3 2,000 | 610-4,300 12 E:Sﬁ:hzs§20d4ét§005)
Modeling area M4 1,400 | 910-1,800 6 E:gﬁ:hZS(c)ZlgO;a.éO%)
All LDW 900 | 430-2,800 28 s:j:?nzdggm, 2005)
Modeling area M1 720 | 580 - 860 7 sgj:?nnggM. 2005)

Modeling area M2 750 | 620 - 1,300 7 SpgjzfnZd;Zth. 2005)

Modeling area M3 1,400 | 590 2,800 7 s:j:?nnggM. 2005)
Modeling area M4 730 | 430-1,300 7 S:j:ﬁ, 2d22t204. 2005)

LDW — Lower Duwamish Waterway
na — not applicable
PCB - polychlorinated biphenyl
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Paired English sole fillet and remainder samples were used to derive concentrations
of parameters in “whole-body” samples. Ten whole-body concentrations of lipid
content, water content, and total PCB concentrations were estimated for English sole
based on the relative weights and analyte concentrations in corresponding skin-on
fillet and remainder tissues collected in 2005. These samples were collected to
calculate whole-body PCB concentrations as specified in the QAPP (Windward
2005f) and data report (Windward 2006 in prep).

Estimates of lipid content, water content, and total PCB concentrations were
calculated for “whole body” crabs by combining the concentration in each composite
hepatopancreas sample with concentrations in the corresponding edible meat
composite samples (one or more samples) that were collected from the same crabs.
Therefore, a single whole-body crab concentration was calculated for each of the 12
hepatopancreas samples in Table A-2-2.1 Whole-body concentrations were calculated
assuming 69% (by weight) edible meat and 31% hepatopancreas, based on the
relative weights of these tissues in a 16.6-cm Dungeness crab dissected by Windward
in 2004.

Juvenile fish were modeled using shiner surfperch and English sole data to estimate
input parameters. Juvenile shiner surfperch and juvenile starry flounder were the
most abundant small fish (< 100 mm) captured in trawls during Phase 2 sampling
conducted in late summer (Windward 2005c, 2006 in prep). For example, they
represented 54 and 30% of the non-target catch, respectively, in the 2004 sampling
event and 40 and 42%, respectively, in the 2005 sampling event. Thus, these species
are likely prey for Pacific staghorn sculpin and crabs in the LDW. Because data for
juvenile starry flounder and juvenile shiner surfperch were not available (with the
exception of limited weight data), data from composite samples of adult shiner
surfperch and English sole2 were used. As noted in section A.2.3 and Table A-2-3,
empirical weights for juvenile shiner surf perch were used as the basis for estimates
of juvenile fish weight for the model.

All data for a given species were combined to determine the average, standard
deviation, and range of total lipids, total solids, and total PCB concentrations.
Averaging in this way reasonably represents populations foraging throughout the
LDW because, for each species, the number of samples is fairly uniform throughout
the LDW (Table A-2-5). The relatively even distribution of the data is demonstrated
by dividing the LDW into four sections (M1 to M4), and summing the available
tissue composite samples per section.

I A total of 11 moisture content values were calculated because total solids data were not available for
the Phase 1 hepatopancreas and edible meat samples.

2 English sole and starry flounder are closely related (and produce viable offspring) so English sole are
a reasonable surrogate for starry flounder. The English sole data includes three starry flounder
composite samples from tissue sampling area T4.
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Table A-2-5. Number of composite tissue samples available from each LDW

NUMBER OF
COMPOSITE TISSUE
SPECIES AREA SAMPLES
M1 6
Benthic invertebrates M2 6
M3 4
M4 4
M1 12
" English sole (whole body M2 12
and estimated whole body®) M3 12
M4 6
M1 7
Pacific staghorn sculpin M2 7
(whole body) M3 7
M4 7
M1 15
Shiner surfperch (whole | M2 12
body) M3 12
M4 12(10)°
M1 3
Dungeness crab (estimated M2 0
whole body®) M3 2
M4 2
: M1 1
. Slender crab (estimated M2 3
whole bodyb) M3 1
M4 0

Concentrations in 3 English sole whole-body composite samples in modeling areas M1, M2, and M3, and one
composite sample in modeling area M4 were calculated as the weighted average of fillet and remainder
composite samples.

All whole-body crab concentrations were estimated as the weighted average of edible meat and
hepatopancreas composite samples from the same crabs.

Twelve composite samples were used to calculate total PCB concentrations; however, percent lipids and
percent solids data were not available for the two Phase 1 samples.

Data from Phase 1 and Phase 2 (2004 and 2005) were combined to derive model input
values. Percent lipids and percent solids whole-body tissue data from Phase 1 and
Phase 2 (2004 and 2005) datasets are presented in Table A-2-6. One-way analysis of
variance (alpha = 0.05) revealed statistically significant differences between 2004 and
2005 sampling events for Pacific staghorn sculpin percent lipids, and for shiner
surfperch weight and percent solids. Pacific staghorn sculpin lipids were on average
24% higher in 2004 samples than 2005. However, 24 Pacific staghorn sculpin
composite samples were collected in 2004 versus four samples collected in 2005.

- M :
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When the four 2005 samples are compared using a paired t-test to the 2004 samples
from the same subareas,? no statistically significant differences were observed.

Average shiner surfperch weight was 3 g higher in 2005 than in 2004 and average
shiner surfperch total solids were 1.8% higher in 2005 than 2004. Because inter-
annual variability in these parameters is expected, the variability in parameters
between sampling events was considered to be representative of the variability in the
data over the time period for which FWM predictions may apply. Variables that had
statistically significant differences among sampling events will be given additional
consideration during the calibration process, if needed. For the modeling-area scale,
the average, standard deviation, and range for lipids and total solids were

determined for each individual modeling area, whereas, weight parameter values
were based on LDW-wide data (Table A-2-3).

3 Each 2005 composite sample was paired with the 2004 composite sample from the same subarea.
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Table A-2-6. Weight, percent lipids, and percent solids data used in the FWM
for whole-body fish and crabs

PHase1 PHASE 2 (2004) PHASE 2 (2005)
AVERAGE AVERAGE AVERAGE
SPECIES ANALYTE (UNITS) N (SD) N (SD) N (SD)
. b b 194 b
weight (g) nd nd 140 (90.6) 105 204 (115)
5 : a e 5.22
. English sole lipids (%) nd nd 21 5.8 (1.4) 21 (1.17)
. 25.0 251
0,
total solids (%) nd nd 21 (1.55) 21 2.01)
. b b 60.8 b
weight (g) nd nd 232 (32.7) 40 55 (46)
Pacific staghorn - 1.65
sculpin lipids (%) nd nd 24 2.1(0.32) 4 (0.469)
. 211 20.6
total solids (%) nd nd 24 (0.579) 4 (0.612)
weight (g)° nd nd 238° 16 (5.7) | 220° 19 (6.8)
- 5.74
Shiner surfperch lipids (%) 3 2.8(1.2) 24 3.9(1.1) 22 (0.692)
. 247 276
0,
total solids (%) nd nd 24 (1.27) 22 (1.54)
weight (g)° nd nd 36° | 470(280) | 15° | 302(175)
- 1.98
Dungeness crab® lipids (%) 1 5.4 (na) 3 2.3 (0.65) 3 (0.646)
. 19.0 17.0
0,
total solids (%) nd nd 3 2.91) 3 (2.91)
weight (g)° nd nd 64° 160 (29) 10° 190 (35.7)
' Slender crab® lipids (%) nd nd 4 1.1 (0.17) 0.980 (na)
. 16.1
total solids (%) nd nd 4 (1.16) 1 17.5 (na)

remainder composite samples.

Weights were calculated using data for individual specimens rather than composites.

Ten of the 21 Phase 2 English sole composite samples were calculated as the weighted average of fillet and

Each whole-body crab lipid and total solids concentration was estimated by combining the concentration in

the composite hepatopancreas sample with concentrations in the corresponding edible meat composite
samples (one or more samples) that were collected from the same crabs. Therefore, a single whole-body
crab concentration for each parameter was calculated for each composite hepatopancreas sample. Whole-
body concentrations were calculated assuming 69% (by weight) edible meat and 31% hepatopancreas,
based on the relative weight of these tissues in a 16.6-cm Dungeness crab dissected by Windward in 2004.

nd — no data

na — not applicable

SD - standard deviation
N — number of composit
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A.2.4 Relationship between co-located benthic invertebrate tissue and surface
sediment total PCB concentrations

Benthic invertebrate tissue and co-located surface sediment samples were collected
from 20 locations in the LDW (10 intertidal locations and 10 subtidal locations). These
locations were selected to provide a range of total PCB concentrations and spatial
coverage throughout the LDW. These data were generated to evaluate whether there
was a relationship between chemical concentrations in benthic invertebrate tissue
and co-located sediment that could be applied in the FWM and exposure assessments
for the risk assessments.

Linear least-squares regression was used to model the relationship between total
PCB concentrations? in benthic invertebrate tissue and co-located sediment. The
relationship between sediment and tissue was not linear and the residuals from a
linear fit increased with the total PCB concentration in sediment. The log-log
relationship provided a reasonable linear fit with homogeneous residuals (Figure A-
2-1) 5 except for two extreme points (locations B5a-1 and B8a). Location B5a-1 had a
low-moderate sediment PCB concentration and a very high tissue concentration. The
sediment had very low organic carbon content, so this point was not extreme when
the data were normalized. However, the normalized sediment relationship with
tissue did not provide a good fit. Location B8a had a very high sediment
concentration, but the tissue concentration was higher than would be predicted from
a linear (log-log) relationship. This point was exerting undue influence on the
regression estimates, and it was far higher than the concentrations for which tissue
estimates were produced. The R2? value with the outliers included was 0.51. Without
these two points, the regression provided a good fit to the data in the range for which
tissue concentrations will be predicted. The R2 value with the outliers removed was
0.74. The regression parameters were estimated with full reporting-limit
concentrations for the two non-detect samples.6

Figure A-2-1 displays the log-log linear relationship between PCB concentrations in
co-located benthic invertebrate tissue and sediment. The equation for the line with
outliers removed is presented as Equation A-2-1.

log10[tissue] = 1.40 + 0.35 X log10[sediment] Equation A-2-1
Where:

[tissue] = total PCB concentration (g/kg ww) in benthic invertebrate tissue
[sediment] = total PCB concentration (ug/kg dw) in sediment

4+ The relationship between organic-carbon-normalized sediment and lipid-normalized tissue was also
tested, but the total PCB relationship without normalization provided a better fit to the data.

5 The regression analysis was conducted by Alice Shelly of Terrastat Consulting Group.

¢ There was one non-detect sediment concentration (Bla; reporting limit = 20 ng/kg dw) and one non-
detect tissue concentration (B4a; reporting limit = 200 ug/kg ww).
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Total PCB concentrations in benthic invertebrate tissues for the entire LDW and for
each modeling area (Table A-2-4) were estimated from total PCBs in sediment using
the equation above. The sediment concentrations used were the SWACs from
corresponding areas of the LDW (Table A-2-1).

— OQutliers Removed
"""" All Data

1000

100

Total PCB concentration in tissue (ug/kg ww)
10

T T T T
1 10 100 1000

Total PCB concentration in sediment (ug/kg dw)

Figure A-2-1. Linear least-squares fit to log-transformed total PCB
concentration in benthic invertebrate tissue as a function of log-
transformed total PCB concentration in sediment

A.2.5 Benthic Invertebrate taxonomy data

Benthic community data from both benthic invertebrate taxonomy and tissue
samples were used to estimate benthic invertebrate weights and diets (Table A-2-3).
Derivations of these parameter values are discussed separately below.

Benthic invertebrate weights

Individual weights of benthic invertebrates were not measured as part of the
laboratory processing of tissue or taxonomy samples. Therefore, an average
individual weight was estimated using Phase 2 taxonomy abundance data and
chemistry sample weight data (Windward 2005b, d). An average individual weight
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was estimated for each of the 10 subtidal locations based on the major taxonomic
groups identified in co-located taxonomy and tissue samples. Several assumptions
and data evaluation steps were needed to derive the average and range of weights, as
described below.

o Very small invertebrates identified in the taxonomy samples were not
included in the composite tissue samples because taxonomy samples were
sorted using a microscope whereas the composite tissue samples were sorted
using the naked eye. Based on the size of organisms in the site-specific
taxonomic reference collection, invertebrates in each of the composite tissue
samples were classified as picked, maybe picked, and not picked. This
classification assumed that the majority of invertebrates in the samples were
adults because juvenile benthic invertebrates are generally too small to see
without a microscope. Those invertebrates classified as “picked” were
assumed to be included in the composite tissue samples.

¢ The abundances and composition of taxa observed in the three taxonomy
samples were assumed to be proportional to the number collected in the 20
composite tissue samples, e.g., if 10% of the invertebrates in a taxonomy
sample were A. salmonis, then 10% of the invertebrates in the co-located tissue
sample were assumed to be A. salmonis.

# The assumption of proportional similarity between taxonomy and composite
tissue samples was carried one step further by assuming that if, for example,
A. salmonis constituted 10% of the crustacean abundance in the taxonomy
sample then they also constituted 10% of the crustacean weight in the co-
located tissue sample. Implicit in this assumption was that all organisms
within a major taxonomic group (i.e., Annelida, Crustacea, Mollusca, and
Miscellaneous Phyla) weighed the same.

+ A weight per organism in each major taxonomic group was calculated by
relating the number of individuals in each major taxonomic group from
taxonomy samples to the weights of each major taxonomic group from co-
located tissue samples. Because more sediment grabs were required for tissue
samples, the number of organisms in a given taxonomic group was multiplied
by the factor difference between the number of taxonomy sample sediment
grabs and tissue chemistry sample sediment grabs. For example, for location
B-1b, three sediment grabs were included in the taxonomy sample and 11
grabs were included in the co-located tissue sample resulting in a factor
difference of 3.67. Therefore, for this location, 188 annelids, assumed picked in
the taxonomy sample, resulted in 689 annelids assumed to be present in the
co-located tissue sample. The total number of organisms in a major taxonomic
group was then divided by the weight data for that group from the tissue
sample to determine the weight per organism. Thus, for location B1-b, a total
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annelid weight of 7.4 g in the tissue sample was divided by 689 annelids,
resulting in 0.011 g per annelid.

¢ For a given sample location, the average individual weights of each major
taxonomic group were averaged (average of annelids, crustaceans, mollusks,
and miscellaneous phyla) to arrive at an average individual weight for that
sample location. These averages were then used to generate average,

maximum, and minimum individual weights for benthic invertebrates (Table
A-2-3).

Benthic invertebrate dietary scenarios

In order to generate dietary scenarios for benthic invertebrates, the following process
was followed.

¢ “Picked” invertebrates observed in the subtidal taxonomy samples were
assigned a feeding type based on literature review.” Feeding types included
carnivore, deposit feeder,® herbivore, and suspension feeder. Combined
feeding types were assigned if different feeding strategies were presented in
the literature. Combined feeding types were assumed to participate in each
feeding type equally, thus a deposit feeder/carnivore was assumed to be 50%
deposit feeder and 50% carnivore.

¢ Weight and abundance data (using a “picked” classification of invertebrates)
were then used to generate the percent of sample weight comprised of the
different feeding types.

¢ Average, maximum, and minimum percent of each feeding type over the 10
subtidal sample locations were calculated.

¢ Each feeding type was then assigned percentages of available dietary items.
For dietary scenario 1, deposit feeders were assumed to ingest 100% sediment,
suspension feeders were assumed to ingest 30% zooplankton and 70%
phytoplankton/algae, and carnivores were assumed to ingest 100% sediment.
Because the model does not allow modeled species to have a fraction of their
diet from their own model compartment, and because only one benthic
invertebrate compartment was created, sediment was used as a surrogate for
benthic invertebrate prey consumed by carnivores. A “detritus” compartment
was not modeled because data are unavailable to generate values for such a
compartment. Sediment was used as a surrogate for detritus consumed by

7 Not all benthic invertebrates were assigned a feeding group because of limited information in the
literature.

8 Detritivore and deposit feeding types were combined into one type (deposit feeder) because of the
similarity of their food items, sediment and detritus. Differences in proportions of sediment versus
detritus consumed between these two feeding types are insignificant because detritus is represented
by sediment in the model.
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deposit feeders because it was assumed to have similar PCB concentrations. A
limitation of this assumption is that detritus has higher organic matter content
than sediment and could potentially have higher PCB concentrations.
Assumptions for dietary scenario 2 were the same except that carnivores were
assigned to ingest 50% sediment and 50% zooplankton.

¢ Dietary item percentages were then multiplied by the percentage feeding type
(by weight) to come up with dietary fractions of sediment, zooplankton, and
phytoplankton/algae in the benthic invertebrate diet, for both dietary
scenarios.

A.2.6 Estimation of log Kow for PCBs

Estimates of log Kow were determined using site-specific tissue data. A concentration-
weighted average log Kow was calculated using Equation A-2-2 for each tissue
sample where all 209 individual PCB congeners were analyzed (Windward 20053, e).
PCB congener-specific Kows were taken from Hawker and Connell (1988). Because
there was little variability in concentration-weighted average log Kows among species
(Table A-2-7), the average of the species-specific averages (6.62) was used in the
FWM. All results will be used for the data distribution in the sensitivity and
uncertainty analyses.

n

_Z%Ci xKowi
i=

2.C;

AverageKow = Equation A-2-2

Where:

C;i - Concentration of PCB congener i
Kowi - Kow of PCB congener i
n - number of detected PCB congeners

Table A-2-7. Average log Kows for each modeled species derived using site-

SPECIES N MiNIMUM MAXIMUM AVERAGE
Benthic invertebrates ‘ 8 6.42 6.87 6.57
Dungeness crab 5 6.54 6.74 6.64
Slender crab 7° 6.55 6.63 6.58
English sole 7 6.50 6.64 6.56
. Shiner surfperch 9 6.42 6.95 6.69
Pacific staghorn sculpin 8 6.63 6.84 6.69
Average of all issue types 6.62

?  Three edible meat composite samples and two hepatopancreas composite samples.

Five edible meat composite samples and two hepatopancreas composite samples.
N  Number of whole-body composite tissue samples
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A.3 PARAMETERS DERIVED FROM THE LITERATURE

The data presented in this section were derived from literature sources investigated
by Windward. Parameter names, symbols, units, selected values, comments, and
source information for the initial set of parameter values are presented in Table A-3-
1. Species-specific diets based on literature data are presented in Table A-2-3. Because
the analyses conducted to determine parameter values for modeled fish and crab

species’ diets cannot be fully described in Table A-3-1, they are further discussed in
Section A.3.1.
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Table A-3-1. Model components with values derived from the literature

; VALUES — MEAN
f MODEL COMPONENT SYmMBOL UNITS __(range) NOTES SOURCE
. Biological
! Fract}on of the diet consisting of P, fraction (unitless) species-specific see A-2-3 see Table A-2-3
prey item i
; Frac_tion of overlying water mo fraction (unitless) species-specific see Table A-2-3
. ventilated
Fraction of porewater ventilated mep fraction (unitless) species-specific see Table A-2-3
| Lipid content of vie % lipid ww see Table A-2-3 | see Table A-2-3 see Table A-2-3
. phytoplankton/algae
NLOC content of o Py See Table A-2-3. NLOC is secondary site of Y
phytoplankton/algae Voce % NLOC ww see Table A-2-3 PCB accumulation, for phytoplankton/algae. see Table A-2-3
* Water content of o B Py .
phytoplankton/algae Viyp % water ww see Table A-2-3 see Table A-2-3 see Table A-2-3
Weight of the organism e L Y Y
. (zooplankton) Ws kg ww species-specific see Table A-2-3 see Table A-2-3
Lipid content of organism Vis % lipid ww species-specific see Table A-2-3 see Table A-2-3
(zooplankton)
NLOM content of organism o e . See Table A-2-3. NLOM is a secondary site of 'y |
(zooplankton) M % NLOM ww species-specific PCB accumulation, for zooplankton. see Table A-2-3 |
, See Table A-2-3. Water is not a significant |
g:éerl::}gf%t of organism vwe % ww species-specific contributor to the storage capacity of PCBs but is see Table A-2-3
P the third phase of storage in the body.
Chemical
Weighted average of Kow for individual PCB
X . Kows for each
i } . congeners detected in Phase 2 tissue
; Sgéiflf?gle:\vta(tgt;a ggg’:) Kow unitless 6 426 fze 95) samples (for species in Table A-2-3), weighted 2;;':3;';‘:;;0& nnell
: ’ by congener concentration (not weighted by (1988)
species)
Henry's Law Constant H (Pa x m*/mol 43.3 This value cancels out in the model calculations. Mackay et al. (1992)

Bold text indicates that the mode! has been demonstrated as sensitive to this parameter in the past (Arnot 2005).

mol — mole (6.022 x 107 entities)
NLOC - non-lipid organic carbon
NLOM - non-lipid organic matter
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A.3.1 Fish and crab dietary scenarios

One to four dietary scenarios were developed to explore the effect of different dietary
assumptions on FWM predictions. The relative proportion of each prey item in
modeled species” diets was determined from literature-reported stomach contents
analyses. The studies used to characterize fish and crab diets are summarized in
Table A-3-2. Dietary data were reported using various metrics. Biomass data were
preferred when available. From each study, all prey items constituting at least 1% of
diet were assigned to one of the four prey categories used in the FWM:
phytoplankton/algae, benthic invertebrates, zooplankton, and fish. Because some
prey were unidentifiable, the percentage of prey biomass?® assigned to each category
was calculated relative to the total biomass of identifiable prey items only. The
average fraction of prey biomass in each prey category over all studies was used to
determine the relative proportions of prey used for FWM dietary scenarios 1 and 2
(Table A-2-3).1° Juvenile fish diets were based on those of adult shiner surfperch
because quantitative data for juveniles were not available. Juvenile English sole and
shiner surfperch diets are similar, and diets are similar for between adult and
juvenile life stages (Bane and Robinson 1970; Gordon 1965; Nyberg and Fahey 1988;
Toole et al. 1987).

Table A-3-2. Dietary studies used to characterize modeled species’ diets

SAMPLING | REPORTED
STuDY SPECIES MODELED LocATION HABITAT GEAR TYPES | FREQUENCY METRICS
) Multiple North Puget f
. shiner surfperch . tow net
Miller et al. - ' 1 Sound locations eelgrass, cobble, ' - o
1977 z’gucllflicr:‘ staghorn (Canada border to gravel, kelp bed g:;r:zle?:é, seasonally Biomass, %IRI
P Fidalgo Island) =
English sole . . :
- ' Nisqually River :
Fresh et al. shiner surfperch, . trawl, (- o
(1979) Pacific staghorn eRit:;:y, Nisqually mud, sand, gravel! beach seine monthly Biomass, %IRI
sculpin
English sole,
Wingert et al. | shiner surfperch, : West Point, Alki Point, ' eelgrass (only Alki | trawl, . o
(1979) Pacific staghorn Point Pully Point reported) beach seine monthly Biomass, %IRI
sculpin
two locations —
(8118\812;15 etal. Dungeness crab Grays Harbor, WA sand/mud-flat and | trawl seasonally %IRI
not reported

? Percent index of relative importance (%IRI) and % occurrence metrics were used for crab dietary
studies.

10 Prey data from the two Dungeness crab studies were not averaged because they reported different
dietary metrics.
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i SAMPLING REPORTED
STUDY SPECIES MODELED LOCATION HABITAT : GEAR TYPES | FREQUENCY METRICS

frequency of

Gotshall Humbolt Bay, CA and Nov to Dec,
(1977) Dungeness crab nearby ocean not reported trawl Aug to Sep occurrence,

: percent of prey
Bernard ) silt, sand, and ' % of individual
(1979) slender crab Hecate Strait, BC grave! trawl August prey items

%IRI - percent index of relative importance

For all species modeled, dietary scenarios 1 and 2 (and Dungeness crab scenario 4)
were statistical estimates of the modeled species diets based solely on stomach
contents analyses. Both scenarios used the same prey data, with crabs and shrimp
reported as prey assigned to different prey categories. In dietary scenario 1 (and
Dungeness crab dietary scenario 4), 1! all crabs and shrimp reported as prey were
assigned to the benthic invertebrate category. However, for dietary scenario 2, all
crabs and shrimp reported as prey were assigned to the zooplankton category. The
percentages of prey in each of the four categories for dietary scenarios 1 (and
Dungeness crab dietary scenario 4) are presented in Table A-3-3. The percentages of
prey in each of the four categories for dietary scenario 2 are presented in Table A-3-4.
Dietary scenario 3 is the only scenario assuming sediment consumption. The relative
proportions of prey in dietary scenario 3 represents a synthesis of available
information regarding each species’ diet, combined with knowledge of the LDW
estuarine community. The proportions of prey surrogates assumed for dietary
scenario 3 are presented in Table A-2-3 and Table 4-1 of the main document.

11 Because the two Dungeness crab studies report different metrics, one dietary scenario was
developed for each study rather than averaging the dissimilar metrics to generate an average diet.
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Table A-3-3. Percent of phytoplankton/algae, benthic invertebrates,
zooplankton, and fish in all fish and crab species’ diets for dietary
scenario 1 (and Dungeness crab for dietary scenario 4)

’ PHYTO-
. PLANKTON/ BENTHIC
SPECIES STuDY METRIC N ALGAE INVERTEBRATES | ZOOPLANKTON | FISH
Stevens et al. (1982)° %IRI 410 0 63 0 37
o Gotshall (1977)° % 337 0 75 0 25
occurrence
Stender | Bemard (1979) o | 48 0 99 0 1
_ Fresh et al. (1979) biomass 10 0 62 38 0
’ fl';r';:gch Miller et al. (1977) biomass | 24 0 100 0
Wingert et al. (1979) biomass 31 0 g5 5 0
Average® 0 86 14 0
English | Freshetal. (1979) biomass | 36 5 95 0 0
- sole Wingert et al. (1979) biomass 99 10 920 0 0
Average® 8 92 0 0
Pacific Fresh et al. (1979) biomass 57 0 83 0 17
staghorn Miller et al. (1977) biomass 51 0 52 0 48
sculpin Wingert etal. (1979) | biomass | 25 0 32 0 68
Average® 0 56 0 44

a

b

c

Data used in dietary scenario 1.
Data used in dietary scenario 4.

Numbers in bold were used in the FWM.

%IRI — percent index of relative importance

N — number of stomachs analyzed
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Table A-3-4. Percent of phytoplankton/algae, benthic invertebrates,
zooplankton, and fish in all fish and crab species’ diets for dietary

scenario 2
PHYTO-
: PLANKTON/ BENTHIC -
SPECIES Stupy METRIC N ALGAE INVERTEBRATES | ZOOPLANKTON | FISH
cDr‘;rt‘)ge”ess Stevens et al. (1982) % IRI 410 0 16 48 36
e . . | I
crab Bernard (1979) occurrence 48 0 87 12 1
Fresh et al. (1979) biomass 10 0 43 57 0
Shiner : :
surfperch Miller et al. (1977) biomass 24 0 100 0
Wingert et al. (1979) biomass { 31 0 95 0]
'~ Average 0 79 21 0
English Fresh et al. (1979) biomass 36 5 86 0
- sole Wingert et al. (1979) biomass | 99 10 90 0
Average 7 88 0
Pacific Fresh et al. (1979) biomass 25 0 32 50 17
staghorn Miller et al. (1977) biomass 57 0 21 31 48
sculpin Wingert etal. (1979) | biomass | 51 0 4 29 68
Average 0 19 37 44

Numbers in bold were used in the FWM.
%IRI — percent index of relative importance
N — number of stomachs analyzed

A.4 DEFAULT PARAMETER VALUES FROM ARNOT AND GOBAS MODEL
APPLICATION TO THE GREAT LAKES AND SAN FRANCISCO BAY

The data presented in this section were derived from development of the Arnot and
Gobas model and its application to the Great Lakes (Arnot and Gobas 2004) and San
Francisco Bay (Gobas and Arnot 2005). Parameter names, symbols, units, selected
values, comments, and source information for the initial set of parameter values are
presented in Table A-4-1.
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Table A-4-1. Default values from Arnot and Gobas model application to the Great Lakes and San Francisco Bay

VALUES — MEAN

i
|

MODEL COMPONENT SymeoL UNITS (RANGE) ’ NoTES SOURCE ;
Biological | | I
Density of lipids 8L kg/L 0.9 f

. Only phytoplankton/algae has kg as an
. input number instead of an equation. This is
Rate constant for growth of K dav” 08 a mean annual value based on empirical 2“9’3%';21[23;3?: /S\:(:g:?‘g
phytoplankton/algae G y ) data in which slow-growth conditions Gobas (2004)
(winter) were 0.03 day'1 and active-qrowth
conditions (summer) were 0.13 day™. .
. . Morrison et al. (1996); Reeders et '
Sacft;lcﬁgsg’ggszfrizzl}fgrgfthe fraction 1 Used to calculate feeding rate for filter al. (1989); Ten Winkel and Davids
\F/:/ater o feeders. (1982) (as cited in Arnot and
Gobas (2004))

i Algae, phytoplankton, and Gobas and MclLean (2003);
aquatic macrophytes — A day”’ 6x10° . Derived from calibration to phytoplankton Swackhamer and Skogiund
resistance to chemical uptake y (x2.0x 10'5) : field BCF data from the Great Lakes. (1993) (as cited in Arnot and
through aqueous phase Gobas (2004))

Algae., phytoplankton, and Derived py calibration to empirical k; values Koelmans et al. (1993: 1995
aquatic macrophytes — B day! 55 from various freshwater phytoplankton, X
. ; ay . . 1999); Wang et al. (1996) (as
resistance to chemical uptake (x3.7) algae, and cyanobacteria species over a cited in Arnot and Gobas (2004))
through organic phase range of Kow values.
Based on 73-day lab test of HCBP with

. Proportionality constant adult rainbow trout (Oncorhynchus mykiss)

. expressing the sorption B Lk 0.035 and a field study that analyzed PCB Gobas et al. (1999) (as cited in
capacity of NLOM relative to g ’ congener concentrations in tissue and GIT Arnot and Gobas (2004))

i that of octanol contents of rock bass (Ambloplites

rupestris).
Proportionality constant
expressing the sorption Seth et al. (1999) (as cited in
' capacity of NLOC relative to | POC Likg 0.35 Arnot and Gobas (2004))
¢ that of octanol
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Density of water

| Bw

kgl

1 1.0

VALUES — MEAN
MoDEL COMPONENT SyMBOL UNiTs (RANGE) NOTES SOURCE
Based on 73-day lab test with adult
Dietary absorption fraction | 0.92 rainbow trout (Oncorhynchus mykiss) Gobas et al. (1999) (as cited in
efficiencies of lipid — fish EL ) and a field study of rock bass Arnot and Gobas (2004))
(Ambloplites rupestris).
L . Roditi and Fisher (1999); Berge
Dietary absorption Based on studl.es involving zebra . and Brevik (1996); Gordon
IR s . . mussels from tidal freshwater section of R
efficiencies of lipid — €L fraction | 0.75 - (1966); Parkerton (1993) (as
- Hudson River and polychaetes from o
invertebrates : . cited in Arnot and Gobas
Cape Cod intertidal flats.
(2004))
Dietary absorption Based on study involving Calanus i
efficiencies of lipid - £L fraction | 0.72 hyperboreus eating diatoms and if:&":,r,fégggf(szggig n
zooplankton flagellates from Gulf of Maine.
Dietary absorption . . . . .
AP . Based on study with tetrachlorobipheny! | Nichols et al. (2001) (as cited in
Ef;‘il:;]enmes of NLOM/NLOC _ ex fraction | 0.6 and rainbow trout. Arnot and Gobas (2004))
L . Roditi and Fisher (1999); Berge
B e on of | 3nd Brevi (199, Gordon
efficiencies of NLOM/NLOC | ey fraction ; 0.75 - (1966); Parkerton et al. (1993)
- invertebrates Hudson River and polychaetes from (as cited in Arnot and Gobas
Cape Cod intertidal flats.
; (2004))
i Dietary absorption . . o
AR . Calanus hyperboreus eating diatoms Conover (1966) (as cited in
efficiencies of NLOM/NLOC | en fraction | 0.72 :
~ zooplankton and flagellates from Gulf of Maine. Arnot and Gobas (2004))
. . _ This value has been increased from 25% for
Dietary absorption gfﬂcm_:nmes . the Great Lakes to 55% due to marine
of water — all aquatic animal ew fraction 0.55 - . . - Gobas and Arnot (2005)
. conditions (marine organisms retain more
species .
water and produce concentrated urine).
Assume ky to be zero for all PCBs. Arnot
Rate constant for metabolic -1 and Gobas (2003), Fisk et al. (2000), and
transformation of the chemical K day 0 Van der Linde et al. (2001) identify ways to Arnot and Gobas (2000)
calculate km.

i Weast et al. (1985)

|
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VALUES — MEAN

MODEL COMPONENT SymBoL UNITS (RANGE) NoOTES SOURCE
Proportionality constant . . . .
- PR Used in the bioavailable solute fraction
d:iﬁ:g):r? sé?él)%léyrl:l:t?va;?o apoc unitless ?(')0083 -02) equation for simulating sequestering of Burkhard (1999)
tphat of octgnol ’ ’ chemical by DOC in the water.
Proportionality constant . . . .
describing similarity in phase apPOC unitless 0.35 leJ:S:tilgntrf‘Srt:iomat\jlaal':;bgleszgﬁztggﬁgoc:} Seth et al. (2004)
tphaarttlgcf)ggga;:;]POC relative to (0.14-0.87) chemical by POC in the water.
- Used in the bioavailable solute fraction
DA A equation for simulating sequestering of
D;ﬁgg::gnum factor for DOC Dooc unitless | 1 chemical by DOC in the water. Assumes Arnot and Gobas (2004)
P 9 chemicals in the water column are in
equilibrium with DOC.
; Used in the bioavailable solute fraction
L o S equation for simulating sequestering of
' Disequilibrium factor for POC Droc unitless | 1 chemical by POC in the water. Assumes Arnot and Gobas (2004)

: partitioning

BCF - bioconcentration factor

DOC - dissolved organic carbon

GIT — gastrointestinal tract
HCPB - PCB 155

NLOM - non-lipid organic matter

PCB — polychlorinated biphenyl

POC - particulate organic carbon
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Appendix B. Sensitivity Analyses

This appendix presents the backup information for the sensitivity analyses
conducted for the food web model (FWM). The analysis of model sensitivity involves
the investigation of how changes in input parameters affect model output and
identifies parameters that most influence model predictions. This analysis provides
the basis for determining calibration parameters and also for selecting parameters to
be evaluated in the uncertainty analysis. As discussed in the main document, two
types of sensitivity analyses were conducted: reducing the value of each input
parameter by 10% and altering the value of each input parameter based on its
plausible range. Both analyses assessed the model’s sensitivity to changes in single
parameters. However, the first analysis identified the parameters to which the model
output was most sensitive only as a result of the mathematical structure of the
model. The second analysis helped identify the parameters to which the model
output was most sensitive as a result of both its mathematical structure and the
potential variability in parameter values.

B.1 10 PERCENT CHANGE ANALYSIS

The 10% change analysis was conducted for all model input parameters identified in
Table 5-1 of the FWM Memorandum 2 (Windward 2005) except three: the species-
specific diet composition, the scavenging efficiency of particles absorbed from the
water for filter feeders, and the concentration of suspended solids in the water
column. The sensitivity of the model to differences in dietary composition was
evaluated in Section 4.0 of the main document. Scavenging efficiency and suspended
solids concentration were not included because they were not needed in the model.
These parameters are used to calculate tissue concentrations for filter-feeding
organisms, but filter feeders were not included in the current model because benthic
invertebrates were modeled as scavengers / detritivores. The complete list of the 29
input parameters evaluated in the 10% change analysis and their initial and 10%
adjusted values are presented in Table B-1-1.

All initial parameter values were decreased by 10% with the following exceptions:
the octanol-water partition coefficient (Kow) and the metabolic transformation rate of
PCBs (km). Because Kow is a component of many of the equations used in the model,
the model is likely to respond differently to changes in Kow depending upon which
direction it is changed. Therefore, the model was run with both a 10% increase and
decrease in Kow to verify that it was not highly sensitive to a change in one direction
but not the other. The initial km for PCBs was zero, which was not possible to
decrease by 10%. Therefore, as discussed in FWM Memorandum 2 (Windward 2005),
the model was run with a km of 0.0001 (Arnot 2005) and again with a 10% lower
value (Table B-1-1).
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Food ingestion rates (Gp), organism growth rates (kg), and the PCB concentration of
porewater are not actual input parameters in the model. They are all calculated from
empirical equations within the model. For the 10% change analysis, their calculated

values were decreased by 10%.
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Table B-1-1. Input parameter values for sensitivity analyses

( TR W
| PARAMETER UnNITs (% change) VALUE SOURCE
Environmental Parameters
i baseline : 2 King County August water data (2005).
| -10% 1.8
. Total concentration of PCBs in the ng/L upper (55%) 31 Full range of empirical data from August 2005 because too few data to
water column PP ° ' calculate 95% confidence interval on the mean.
Full range of empirical data from August 2005 because too few data to
.259 :
lower (-25%) 15 " calculate 95% confidence interval on the mean.
baseline 8.88x 10°° Ealculated in model based on the sediment concentration, OCseq, and
Freely dissolved chemical = o _
concentration in the porewater ug/kg -10% 7.99x 10 o
(Cwo.p) upper na Calculated in model; not possible to estimate a plausible range.
lower na Calculated in model; not possible to estimate a plausible range.
baseline 2.20x10° Unpublished King County 2005 water data (Mickelson 2006).
Concentration of dissolved organic K/l -10% - 1.98x10°
carbon (DOC) in the water column upper (14%) 2.50x10° | 95% confidence interval on the mean from King County 2005 data.
lower (-18%) 1.80x10° | 95% confidence interval on the mean from King County 2005 data.
. .7 | Unpublished King County 2005 water data (Mickelson 2006).
baseline 29010 Calculated as TOC-DOC in water.
Concentration pf particulate organic kg/L -10% 261x107
Carbon (POC) in the Water COlUmn 3 T e R ettt e e
upper (41%) 4.10x10 95% confidence interval on the mean from King County 2005 data.
lower (-45%) 1.60x107 | 95% confidence interval on the mean from King County 2005 data.
baseline 11.60 Unpublished King County 2005 water data (Mickelson 2006).
-10% 10.44
Mean water column temperature °C - -
upper (11%) 12.90 95% confidence interval on the mean from King County 2005 data.
lower (-12%) 10.20 95% confidence interval on the mean from King County 2005 data.




VALUE TYPE
PARAMETER UNITS (% change) VALUE SOURCE
baseline 8 Unpublished King County 2005 water data (Mickelson 2006).
Dissolved oxygen concentration in mg/L ; -10% 7.2
the water column { upper (9%) 8.7 95% confidence interval on the mean from King County 2005 data.
5 lower (-9%) 7.3 95% confidence interval on the mean from King County 2005 data.
baseline 250 LDW-wide SWAC for baseline surface sediment data.
-10% 225
Concentration of total PCBs in Hg/kg upper (50%) 375 Based on a given range of results from the sediment groups
sediment dw PP ° investigation into different interpolation/SWAC generation methods
Based on a given range of results from the sediment groups
_E(09°,
lower (-50%) 125 investigation into different interpolation/SWAC generation methods
baseline 1.9 LDWG Phase 1 and 2 data.
-10% 1.7
Sediment organic carbon content 9 Estimated value from 60th percentile of the distribution of estimates of
(OCseq) % dw upper (6%) 2.04 the maan. P
lower (-8%) 1.78 Estimated value from 40th percentile of the distribution of estimates of
the mean.
baseline 0.08 Arnot and Gobas (2004). Used to calculate bioavailable solute fraction
. . - ) in water in the model; resulting fraction = 0.464.
Proportionality constant describing
similarity in phase partitioning of unitless -10% 0.072 Resulting bioavailable solute fraction = 0.480.
DOC relative to that of octanol (apoc) upper (150%) 0.2 Arnot and Gobas (2004). Resuiting bioavailable solute fraction = 0.307.
lower (-63%) 0.03 Arnot and Gobas (2004). Resulting bioavailable solute fraction = 0.589.
baseline 0.35 Arnot and Gobas (2004). Used to calculate bioavailable solute fraction
. . - ) in water in the model; resulting fraction = 0.464.
Proportionality constant describing -
similarity in phase partiiioning of unitless -10% 0.315 Resulting bioavailable solute fraction = 0.473.
POC relative to that of octanol (aroc) upper (149%) 0.87 Arnot and Gobas (2004). Resulting bioavailable solute fraction = 0.359.
lower (-60%) 0.14 Arnot and Gobas (2004). Resulting bioavailable solute fraction = 0.526.
Disequilibrium factor for DOC unitless baseline 10 Arnot and Gobas (2004). Used to calculate bioavailable solute fraction |
partitioning (Dooc) ) in water in the model; resulting fraction = 0.464.
-10% 0.9 Resulting bioavailable solute fraction = 0.480.
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Table B-1-1, cont.

VALUE TYPE
PARAMETER UNITS (% change) VALUE SOURCE
upper na Did not run; no range data available.
lower na Did not run; no range data available.
baseline 10 Arnot and Gobas (2004). Used to calculate bioavailable solute fraction
' in water in the model; resulting fraction = 0.464.
Disequilibrium factor for POC unitless -10% 0.9 Resulting bioavailable solute fraction = 0.473.
partitioning (Droc) . e
upper na Did not run; no range data available.
lower na Did not run; no range data available.
baseline 1 Weast et al. (1985) _
) -10% 0.9
Density of water (dw) kg/L R
upper 1.02 Weast et al. (1985)
lower na
Chemical Parameters
baseline 6.62 Phase 2 LDWG data and Kqw values in Hawker and Connell (1988).
-10% 6.57
Octanol-water partition coefficient for . . P '
PCBs (10g Kow) unitless +10% 6.66
upper 6.66 95 % confidence interval on the mean for the LDWG data used above.
lower 6.58 95 % confidence interval on the mean for the LDWG data used above.
Biological Parameters
baseline 098 Arnot (2006)
] o -10% 0.81
Density of lipids (&) kg/L .
upper 1
lower 0.8
separate baseline 1x10™ Arnot (2005). In the initial set of input values Km = 0.
Rate constant for metabolic unitless -10% 9x10°
transformation of PCBs (Km) upper na
. lower na
Proportionality constant expressing L/kg baseline 0.035 Gobas et al. (1999), as cited in Arnot and Gobas (2004).
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Ta

ble B-1-1, cont.

VALUE TYPE
PARAMETER UNITS (% change}) VALUE SOURCE
relative to that of octanol ( or MAF) upper (29%) 0.045 Arnot (2005)
lower (-29%) 0.025 Arnot (2005)
baseline 0.35 Seth et al. (1999)
Proportionality constant expressing -10% 0.315
the sorption capacity of NLOC L/kg
relative to that of octanol (Boc) upper na
lower na
baseline 6.0x10° Arnot and Gobas (2004)
Resistance to chemical uptake 10% 5.4x10° T i
through aqueous phase for day'1 . -
phytoplankton/algae (A) upper (33%) 8.0x10 Gobas and Arnot (2005)
lower (-33%) 4.0x10° Gobas and Arnot (2005)
baseline 5.5 Arnot and Gobas (2004)
Resistance to chemical uptake -10% 4.95
through organic phase for day™
phytoplankton/algae (B) upper (67%) 9.20 Gobas and Arnot (2005)
lower (-67%) 1.80 Gobas and Arnot (2005)
©  Growth Rate Constant (kg)
? Phytoplankton/algae dav” baseline 8.00x10% | Model default = 0.8 (Arnot and Gobas 2004).
P g y -10% 7.20%107
Zooplankt day” baseline 1.15x10° | Calculated in model based on organism weight.
ooplankton a
P y -10% 1.03x107
Benthic invertebrat dav” baseline 3.62x10° | Calculated in model based on organism weight.
enthic invertebrates
y -10% 3.26x10°
J e fish dav” baseline 1.40x10° | Calculated in model based on organism weight.
uvenile fis
y -10% 1.26x10°
Slend b dav” baseline 7.21x10* | Calculated in model based on organism weight.
ender cra a
y -10% 6.49x10™
Dungeness crab dav” baseline 5.96x10™ | Calculated in model based on organism weight.
u
g y -10% 5.37x10™
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Table B-1-1, cont.

VALUE TYPE :
PARAMETER UNiTs (% change) VALUE SOURCE
Pacific staghorn sculpin day” baseline 8.81 ><10j Calculated in model based on organism weight.
-10% 7.93x10
Shiner surfperch day” baseline 1.13><10'z Calculated in model based on organism weight.
; -10% ¢ 1.02x10°
i English sole day” baseline 6.94x10™* | Calculated in model based on organism weight.
-10% 6.25%10™
Food Ingestion Rate (Gp)
Zooplankton kg food/ baseline 7.38x10® | Calculated in model based on organism weight and water temperature.
day -10% | 6.64x10°
Benthic invertebrates kg food/ baseline 9.91x10° | Calculated in model based on organism weight and water temperature.
day -10% 8.92x10°®
Juvenile fish kg B baseline 5.70x10™ | Calculated in model based on o_rganism weight and water temperature.
food/day -10% . 5.13x10
Slender crab kg food/ baseline 9.49x10™ | Calculated in model based on organism weight and water temperature: ________
day -10% 8.54x10™
Dungeness crab kg food/ baseline 2.12x10?2 Calculated in model_pased on _e_rganism weig_pt and water tempe_rature.
day -10% 1.91x107
Pacific staghorn sculpin kg food/ baseline 4.04x107° Calculated in rr]odel based on erganism weight and water temperature.
day -10% 3.63x10°
Shiner surfperch kg food/ baseline 1.38x107° : Calculated in model based on organism weight and water temperature.
day -10% 1.24x10°
English sole kg food/ baseline 1.11x1072 Calculated in model based on organism weight and water temperature.
day -10% 1.00%x10?
Organism Weight
Zooplankton kg baseline 1.60x107 | Giles and Cordell (1998)
-10% 1.44x107 '
upper (44%) 2.30x107 Range observed in literature.
Lower Duwamish Waterway Group FWM "‘em:;;ggg?;g
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Table B-1-1, cont.

VALUE TYPE
PARAMETER UNITS (% change) VALUE SOURCE
lower (-45%) 8.80x10° | Range observed in literature.
baseline 5.10x10° | LDWG Phase 2 data.
. -10% 4.59x107
Benthic invertebrates kg 3
upper (312%) 2.10x10 Range observed in LDWG Phase 2 data.
lower (-89%) 5.50x10° Range observed in LDWG Phase 2 data.
. 3 ;. LDWG Phase 2 individual shiner surfperch specimens (<80mm) as
baseline 6.00x10 surrogates for juvenile fish
-10% 5.40x10°
Juvenile fish kg upper (17%) 7.00x10° | 95% confidence interval on LDWG Phase 2 data mean.
95% confidence interval on LDWG Phase 2 data mean. Lower bound
lower (0%) 6.00x10° | estimate comes out to be the same as the mean value due to rounding
_ for significant figures.
baseline 0.164 LDWG Phase 2 data.
-10% 0.148
Slender crab kg
upper (5%) 0.172 95% confidence interval on LDWG Phase 2 data mean.
lower (4%) 0.157 95% confidence interval on LDWG Phase 2 data mean.
baseline 0.423 LDWG Phase 2 data.
-10% 0.381
Dungeness crab kg upper (55%) 0.657 95% confidence interval on LDWG Phase 2 data mean.
Minimum observed from LDWG Phase 2; not possible to calculate
.77 '
lower (-77%) 0.096 lower confidence interval.
i baseline 0.06 LDWG Phase 2 data.
. . -10% 0.054
Pacific staghorn sculpin kg
upper (7%) 0.0642 95% confidence interval on LDWG Phase 2 data mean.
lower (-6%) 0.0562 95% confidence interval on LDWG Phase 2 data mean.
Shiner surfperch kg baseline 0.017 LDWG Phase 2 data.
-10% 0.0153
upper (6%) 0.018 95% confidence interval on LDWG Phase 2 data mean.
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Table B-1-1, cont.

VALUE TYPE. '
PARAMETER UNITS (% change) VALUE SOURCE
lower (-2%) 0.0166 95% confidence interval on LDWG Phase 2 data mean.
baseline 0.198 LDWG Phase 2 data.
. -10% 0.178
English sole kg L e :
upper (7%) 0.211 95% confidence interval on LDWG Phase 2 data mean.
lower (-7%) 0.185 95% confidence interval on LDWG Phase 2 data mean. 1
Lipid Content i
baseline 0.1% Mackintosh et al. (2004) 3
-10% 0.1%
Phytoplankton/algae % ww N
upper (16%) 0.1% Range observed in literature.
lower (-16%) 0.1% Range observed in literature.
baseline 1.2% Kuroshima et al. (1987).
-10% 1.1%
Zooplankton % ww —
upper (42%) 1.7% Range observed in literature.
lower (-25%) 0.9% Range observed in literature. _
baseline 0.9% LDWG Phase 2 data.
- -10% 0.8%
Benthic invertebrates % ww : - e
upper (12%) 1.0% 95% confidence interval on LDWG Phase 2 data mean.
lower (-14%) 0.8% 95% confidence interval on LDWG Phase 2 data mean.
baseline 2.5% LDWG Phase 2 data for English sole and shiner surfperch.
-10% 2.3%
Juvenile fish % Ww o o Used the observed variability in means for English sole and shiner
° upper (8%) 2.7% surfperch in LDWG Phase 2 data.
Used the observed variability in means for English sole and shiner
_RO, 0,
lower (-8%) 2.3% surfperch in LDWG Phase 2 data.
baseline 1.1% LDWG Phase 2 data.
-10% 1.0%
Slender crab % ww
upper (21%) 1.3% 95% confidence interval on LDWG Phase 2 data mean.
______ o _ B lower (-16°/_o)_ 0.9% 95% cpnﬁdence interval on LDWG Phase 2 data mean.
= FWM memorandum 3
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Table B-1-1, cont.
s e e
PARAMETER UNITS (% change) VALUE SOURCE
baseline 2.6% LDWG Phase 2 data.
-10% 2.3%
Dungeness crab % ww -
upper (38%) 3.6% 95% confidence interval on LDWG Phase 2 data mean.
lower (-38%) 1.6% 95% confidence interval on LDWG Phase 2 data mean.
baseline 21% LDWG Phase 2 data.
) . -10% 1.9% :
Pacific staghorn sculpin % ww N
upper (4%) 2.2% 95% confidence interval on LDWG Phase 2 data mean.
lower (-9%) 1.9% 95% confidence interval on LDWG Phase 2 data mean.
baseline 4.6% LDWG Phase 2 data.
. -10% 4.1%
Shlner Surfperch % ww e e e e et e e e Bt 1 L b et
upper (9%) 5.0% 95% confidence interval on LDWG Phase 2 data mean.
lower (-7%) 4.3% 95% confidence interval on LDWG Phase 2 data mean.
baseline 5.5% LDWG Phase 2 data.
. -10% 5.0%
English sole % ww -
upper (7%) 5.9% 95% confidence interval on LDWG Phase 2 data mean.
lower (-7%) 5.1% 95% confidence interval on LDWG Phase 2 data mean.
Water Content
baseline 95.6% Mackintosh et al. (2004).
-10% 86.0%
Phytoplankton/algae % ww
upper (1%) 96.5% Range observed in literature.
lower (-1%) 94.7% Range observed in literature.
baseline 90.0% Kuroshima et al. (1987).
-10% 81.0%
Zooplankton % ww
upper (1%) 91.2% Range observed in literature.
lower (-3%) 87.0% Range observed in literature.
- FWM memorandum 3
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Table B-1-1, cont.

| e B e Tves
‘ PARAMETER UNITS (% change) VALUE SOURCE
baseline 88.9% LDWG Phase 2 data.
L -10% 80.0%

Benthic invertebrates % ww
upper (2%) 90.4% 95% confidence interval on LDWG Phase 2 data mean.
lower (-2%) 87.3% 95% confidence interval on LDWG Phase 2 data mean.

baseline 73.9% LDWG Phase 2 data.
. -10% 66.5%

Juvenile fish % ww -
upper (4%) 77.2% Range observed in LDWG Phase 2 data.
lower (-6%) 69.6% Range observed in LDWG Phase 2 data.

baseline 83.6% LDWG Phase 2 data.
-10% 75.2%

Slender crab % ww
upper (2%) 85.1% 95% confidence interval on LDWG Phase 2 data mean.
lower (-1%) 82.9% 95% confidence interval on LDWG Phase 2 data mean.

baseline 82.0% LDWG Phase 2 data.
-10% 73.8%

Dungeness crab % ww L L
upper (2%) 83.9% 95% confidence interval on LDWG Phase 2 data mean.
lower (-3%) 79.5% 95% confidence interval on LDWG Phase 2 data mean.

baseline 79.0% LDWG Phase 2 data.
. . -10% 71.1%
Pacific staghorn sculpin % ww
upper (0.3%) 79.2% 95% confidence interval on LDWG Phase 2 data mean.
lower (-0.3%) 78.8% 95% confidence interval on LDWG Phase 2 data mean.
baseline 73.9% LDWG Phase 2 data.
. -10% 66.5%

Shiner surfperch % ww
upper (1%) 74.5% ! 95% confidence interval on LDWG Phase 2 data mean.
lower (1%) 73.3% } 95% confidence interval on LDWG Phase 2 data mean.

= FWM memorandum 3
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Table B-1-1, cont.

: VALUE TYPE
[ PARAMETER UNiTs (% change) VALUE SOURCE
baseline 75.0% LDWG Phase 2 data.
) -10% 67.5%
English sole % ww -
upper (1%) 75.5% 95% confidence interval on LDWG Phase 2 data mean.
lower (-1%) 74.4% 95% confidence interval on LDWG Phase 2 data mean.
Fraction of Porewater Ventilated
baseline 0.2 Winsor et al. (1990).
L . -10% 0.18
Benthic invertebrates fraction
upper (25%) 0.25 Range observed in literature.
| lower (-75%) 0.05 Range observed in literature.
: baseline 0.01 Gobas and Wilcockson (2003)
| , , -10% 0.009
Juvenile fish fraction
upper (100%) 0.02 Range observed in literature.
lower (-50%) 0.005 Range observed in literature.
baseline 0.02 Winsor et al. (1990); Gobas and Wilcockson (2003)
. -10% 0.018
Slender crab fraction ——
upper 0.03 Range observed in literature.
lower 0.01 Range observed in literature.
i baseline 0.02 Winsor et al. (1990); Gobas and Wilcockson (2003)
|
. -10% 0.018
, Dungeness crab fraction -
! upper (50%) 0.03 Range observed in literature.
5 lower (-50%) 0.01 Range observed in literature.
baseline 0.05 Value from model components table.
. . . -10% 0.045
Pacific staghorn sculpin = Tor (1 T e
upper (100%) 0.1 Range from model components table.
lower (-60%) 0.02 Range from model components table.
Shiner surfperch fraction baseline 0.01 Gobas and Wilcockson (2003)
-10% 0.009
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VALUE TYPE
PARAMETER UNITS (% change) VALUE SOURCE
upper (100%) 0.02 Range observed in literature.
lower (-50%) 0.005 Range observed in literature.
baseline 0.1 Gobas and Wilcockson (2003)
. . -10% 0.09
English sole fraction
upper (100%) 02 Range observed in literature.
lower (-50%) 0.05 Range observed in literature.
Dietary Absorption Efficiency of Lipids (alpha)
baseline 0.72 Arnot and Gobas (2004)
. -10% 0.65
Zooplankton fraction
upper (18%) 0.85 Range reported in Arnot and Gobas (2004).
lower (-42%) 0.55 Range reported in Arnot and Gobas (2004).
baseline 0.75 Arnot and Gobas (2004)
Benthic invertebrates (including fraction -10% 0.68
crabs) upper (13%) 0.96 Range reported in Arnot and Gobas (2004).
lower (-44%) 0.15 Range reported in Arnot and Gobas (2004).
baseline 0.92 Arnot and Gobas (2004)
-10% 0.83
All fish fraction >
upper na No range data available.
lower na No range data available.
Dietary Absorption Efficiency of NLOM (beta)
baseline 0.72 Arnot and Gobas (2004)
. -10% 0.65
Zooplankton fraction
upper (18%) Q.85 Ran_ge reported in__f\r_not and Gobas (2004).
lower (-42%) 0.56 Range reported in Arnot and Gobas (2004).




Table B-1-1, cont.

VALUE TYPE
PARAMETER ,  Units (% change) VALUE SOURCE
baseline 0.75 Arnot and Gobas (2004)
Benthic invertebrates (including fraction -10% 0.68
crabs) upper (13%) 0.96 Range reported in Arnot and Gobas (2004).
lower (-44%) 0.15 Range reported in Arnot and Goba;&004).
| : baseline 0.60 Arnotand Gobas (2004
| -10% 0.54
E’ All fish fraction wper (5%) | 063 ézs;:;ed maximum based on values reported in Armot and Gobas
i lower (-5%) 0.57 Reported in Arnot and Gobas (2004).
§ Dietary Absorption 'Efficiency;f Water
| baseline 055 | Arnotand Gobas (2004)
| _ _ -10% 0.50
All organisms fraction
| upper na No data were available to calculate a range.
| lower na No data were available to calculate a range.

Growth rate constant and food ingestion rate are calculated within the model; it was not possible to incorporate upper and lower range estimates.
na — not applicable

dw — dry weight

ww — wet weight

NLOC- Non-lipid organic carbon

NLOM — Non-lipid organic matter

SWAC - spatially weighted average concentration

Lower Duwamish Waterway Group FWM mem,fggggggg
Port of Seattlie | City of Seattle | King County | The Boeilng Company Apr“ 7: 2006
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B.2 PLAUSIBLE RANGE SENSITIVITY ANALYSIS

Upper- and lower-bound estimates were developed for all input parameters with
significant information to estimate ranges. Plausible ranges were estimated for these
parameters using one of two methods. A statistical method was used for parameters
where enough data were available to determine the distribution of those data. This
approach is described in detail in Section B.2.1. For both site-specific and literature-
derived parameters with insufficient data to develop a distribution, range estimates
were compiled from the literature. The methods used to determine the plausible
range for each parameter are presented in Table B-1-1.

The following parameters were not included in the upper- and lower-bound
sensitivity analysis because plausible value ranges were not available:

¢ Freely dissolved chemical concentration in the porewater
Disequilibrium factor for dissolved organic carbon (DOC) partitioning
Disequilibrium factor for particulate organic carbon (POC) partitioning
Rate constant for metabolic transformation of PCBs (kwm)

Growth rate constant (kg)

Food ingestion rate (Gp)

Dietary absorption efficiency of lipids for fish

Dietary absorption efficiency of water

Concentration of suspended solids in the water column

® & 6 6 4 O 4 o o

Scavenging efficiency of particles in the water column by filter feeders

B.2.1 Statistical approach

Mean data were generally used for the initial set of parameter values. The purpose of
the plausible-range sensitivity analysis was to evaluate how sensitive the model was
to expected or observed variability in the mean parameter values because of
uncertainty or natural variability. Therefore, wherever possible, upper and lower
estimates of the mean were used in this analysis. For parameters where data
distribution information was available, the 95% confidence interval (CI) of the mean
(i.e., the 2.5 and 97.5 percentiles of the distribution of estimates of the mean) was
used to determine the plausible range. The statistical methods used depended on
how the data for each parameter were distributed. The statistical analysis software
ProUCL was used to determine how the data for each of these parameters was
distributed and the statistical approach for calculation of confidence limits on the
mean.

= FWM dum 3
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Most of the data were normally distributed. For those parameters, the 95% CI for the

mean was approximated with the standard error (SE) using the following equations
(Ott 1993):

SE = Standard deviation/¥(sample number)
95% CI of mean = mean + (1.96 x SE)

The same datasets that were used to determine initial parameter values
(Appendix A) were used to estimate the plausible upper and lower ranges.

For data that were not normally distributed, ProUCL recommended another
statistical approach to analyze the data. The methods recommended by ProUCL
were, therefore, used to calculate the 95% CI of the mean.

For Dungeness crab weight, the data were not normally distributed. ProUCL
provided a 97.5 upper confidence limit on the mean, but because larger crabs were
selectively taken during sampling, the sample distribution was not expected to
reflect population distribution for lower weights. For this reason, the minimum
observed value was used as the lower range.

B.2.2 Literature-based approach

For those parameters with insufficient data about their distribution, range estimates
were compiled from the literature. For most of these parameters, the ranges
presented in the literature were used as the plausible ranges. Many of those ranges
were presented in the model documentation (Arnot and Gobas 2004) and are
included in the model components table (Appendix A).

As discussed in Appendix A, juvenile fish parameter values were calculated from the
Phase 2 data for shiner surfperch and inferences from data in other studies (Gobas
and Arnot 2005). The statistical approach described in Section B.2.1 was used to
estimate the plausible range for juvenile fish weight and water content. Lipid content
range, however, was estimated by applying the measured variability in lipid content
from English sole and shiner surfperch (+/- 45% of the mean) to the calculated mean
lipid content for juvenile fish.

There are few data directly addressing the dietary absorption efficiencies for lipids,
non-lipid organic matter (NLOM), and water for various organisms, and they were
not sufficient to provide estimates of the mean. Arnot and Gobas (2004) summarize
the available data for all three parameters. Given the uncertainty around these
parameter values, the full range of efficiencies for lipids and NLOM for all
invertebrates were selected for zooplankton, benthic invertebrates, and crabs. No
ranges were presented, however, for water absorption efficiencies for any species.
Therefore, no plausible range estimates were used for that parameter.

Ranges were also not presented for the fish dietary absorption efficiencies for lipids
and NLOM. Arnot and Gobas (2004) recommend using 60% for the NLOM
absorption efficiency for fish, but the study they cite presents an NLOM absorption

- FWM d
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efficiency of 57% (Nichols et al. 2001). For the purposes of determining a plausible
range in this analysis, 60% was used as the initial value and 57% was used as the
lower range value. To be consistent with the lower range estimate and mean, and
assuming estimates of the mean are normally distributed, 63% was assumed for an
upper range estimate (Table B-1-1).

As discussed in Appendix A, the total PCB concentration in water was estimated
using data collected from two stations in the LDW by King County (2005). When the
sensitivity analysis was conducted, data were only available from the August
sampling event. Consequently, there were insufficient data to determine a 95% CI on
the mean for the total PCB concentration in the water column. The observed
minimum and maximum concentrations reported in the model components table
(Table A-2-1) were, therefore, used for the upper and lower plausible ranges.

As discussed in Appendix A, spatially weighted average concentrations (SWACs) of
organic carbon (OCsed) and total PCBs in sediment were estimated using an inverse
distance weighting (IDW) interpolation model. It was not possible to estimate a
meaningful plausible range for OCsed content because the sample size generated by
the interpolation model (187,000) was so large that the standard error estimates were
not significant, given the number of significant figures for both OCqeq and total PCBs
in sediment. Therefore, the 40th and 60th percentiles of the interpolated data
distribution were assumed to represent plausible ranges of the mean OCsed
concentration (Table B-1).

The plausible range for the total PCB SWAC was estimated based on the previous
efforts to develop a SWAC for sediment PCBs. Three different methods for
determining an organic carbon (OC) normalized PCB SWAC (IDW, Thiessen
Polygons, and Kriging) were investigated by LDWG in fall 2005, prior to the
calculation of the SWAC using IDW as discussed in Section A.2.1 of Appendix A. The
method that resulted in the highest SWAC (Thiessen Polygons) from these previous
efforts differed by 50% from the IDW approach. The previous calculations included
data through October 2005 and all PCB concentrations were OC normalized. The
SWAC estimates were 18mg/kg-OC using Thiessen polygons, 12 mg/kg-OC using
IDW, and 10 mg/kg-OC using Kriging. Assuming the ratio between estimates would
be the same for OC normalized PCB concentrations as for bulk sediment PCB
concentrations, SWAC estimates would be expected to span up to 1.5 times the mean
concentration used in the FWM. Based on these analyses, the range around the
selected SWAC of 250 pg/kg dw was estimated to be from 125 pg/kg dw to 375
ng/kg dw (Table B-1-1). The IDW interpolation approach and baseline sediment
dataset were still being finalized at the time that this memorandum was being
completed. Therefore, all SWAC estimates used in this memorandum are
preliminary.

- FWM d
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B.2.3 Evaluation of sensitivity

The sensitivity of the FWM was evaluated by performing separate model runs with
each parameter’s adjusted value. For example, the model was run 30 times for the
10% change analysis because it was run separately for each of the 29 parameters,
including two separate runs for Kow. For parameters with species-specific values
(e.g., organism weight), all species values were adjusted simultaneously. The output
from each model run was compared with the output from the model run with the
initial set of values using the species percent difference (SPD) metric described in
FWM Memorandum 2 (Windward 2005). The SPD represents the difference in
predicted tissue concentration from the initial predicted concentrations; it was
calculated for each species for each model run. Parameter sensitivity was evaluated
based on the mean and maximum SPDs.

In addition to the SPD, a relative response ratio was calculated for the plausible
range analysis. This metric is calculated as the SPD divided by the percent change in
parameter value. This metric allows comparison of parameter responses between the
10% sensitivity analysis and the plausible range analysis because it presents the
model response relative to the change in parameter value.

For the 10% sensitivity analysis, results were ranked by maximum SPD, and any
parameter with a maximum SPD of 8% or more for any species was selected for
inclusion in the uncertainty analysis. The threshold of an 8% change in predicted
tissue concentration (for any one species) for a 10% change in parameter value was
selected to include parameters to which the model is moderately sensitive. A greater
than 1:1 response between parameter value change and model prediction change is
generally considered highly sensitive (Arnot 2006).

Also identified were parameters that, when run at the upper or lower end of their
plausible range, cause a percentage change that is substantial relative to the change

caused by other parameters or relative to the magnitude of change in the input value.

In order to select parameters for the uncertainty analysis, results were ranked by
maximum SPD, and the distribution of results was evaluated to see if any patterns or
break points arose from the results. Parameters were also ranked according to a
relative response ratio (SPD divided by percent change in parameter value). This
metric can be compared to the 10% sensitivity analysis to see if percent changes in
model predictions are the same for small or large changes in parameter values.

- FWM dum 3
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B.3 RESULTS OF SENSITIVITY ANALYSES

The results from both sensitivity analyses are discussed in Section 5.0 of the main
document. This section presents five results tables. Tables B-3-1 and B-3-2 rank
parameters by maximum SPD using results of the 10% sensitivity analysis for target
species and for all species, respectively. Tables B-3-3 and B-3-4 rank parameters by
maximum SPD using results of the plausible range sensitivity analyses for target
species and for all modeled species, respectively. Table B-3-5 ranks parameters by a
relative response ratio for the upper- and lower-bound sensitivity analyses for all
species. The parameters with a maximum relative response of 0.8 or greater (Table B-
5-5) were the same as those with a maximum SPD of 8% or greater presented in

Tables B-3-2.

Table B-3-1. Results of the 10 percent sensitivity analysis for predicted fish and
crab total PCB concentrations

capacity of NLOC)

Maximum SPD SPECIES WITH MinimuM SPD MEeAN SPD

PARAMETER (absolute value) | Maximum CHANGE | (absolute value) | (with negatives)
Dietary absorption o o 449
efficiency of lipids (alpha) 24% PSS 10% 14%
Water content 18% SC 2% 5%
Lipid density 17% PSS 10% 13%
Food ingestion rate (Gp) 14% PS 10% -12%
Lipid content 14% PSS 9% -11%
Dissolved oxygen (DO) 11% PSS 7% -9%
Water column temperature 10% PSS 6% -8%
Dietary absorption o o 2
efficiency of NLOM (beta) 9% oe 6% 7%
Sediment F"CB 8% sC 8% 8%
concentration
Kow 7% PSS 4% -5%
Growth rate constant (kg) 4% ES 2% 3%
Sediment organic carbon o o o
(OCsed) 4% ES 4% 4%
B (MAF, proportionality
constant for sorption 4% SC 1% -2%
capacity of NLOM)
PCB concentration in o
porewater 3% ES 2% -3%
Organism weight 3% PSS 2% 2%
Porewater, fraction o o o
ventilated 2% ES 2% 2%
Water PCB concentration 2% SS 2% -2%
Boc (Proportionality
constant for sorption 1.8% ES 1.2% 1.3%
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Maximum SPD SPECIES WITH Minimum SPD MeaN SPD
PARAMETER (absolute value) | Maximum CHANGE : (absolute value) | (with negatives)

DOC concentration in water 0.7% ss 0.6% 0.6%
column e = =
Dooc (disequilibrium factor o o o
for DOC partitioning) 0.7% SS 0.6% 0.6%
aDOC (proportionality o o o
constant for DOC) 0.7% SS 0.6% 0.6%
km 0.5% ES 0.2% 0.3%
POC concentration in water 0.41% ss 0.32% 0.37%
column s wen e
Droc (disequilibrium factor o o o
for POC partitioning) 0.41% SS 0.32% 0.37%
aPOC (proportionality o o o
constant for POC) 0.41% SS 0.32% 0.37%
A (phytoplankton uptake 0.07% ES 0.04% 0.05%
constant) ’ ’ )
B (phytoplankton uptake 0.002% ES 0.001% 0.001%
constant) ) ' ’
Dietary absorption o o } o
efficiency of water (chi) 0.0003% DC/SC 0.0002% 0.0003%
Water density 0.000041% PSS 0.00001% -0.00001%

DC — Dungeness crab
ES — English sole

PSS — Pacific staghorn sculpin

SC — slender crab
SS - shiner surfperch

Table B-3-2. Results of the 10 percent sensitivity analysis for all species

SPECIES WITH MeaN SPD
PARAMETER Max SPD MAX CHANGE MIN SPD
Water content 1 02.5/;: o P 2% 19%
: Efi?it:&a(gf;h’g;b" efficiency -24% PSS 0% -9%
Lipid density -17% PSS -1% 11%
Food ingestion rate (Gp) -14% PSS 0% -9%
Lipid content -14% PSS 0% -9%
Dissolved oxygen (DO) -11% PSS 0% -6%
: Water PCB concentration -16% P/Z 1% -4%
_ Water column temperature -"1"6% PSS 0% -6%
o Gaeion eficency | o oc
Sediment PCB concentration -9% Bl 0% -6%
Kow -10% 7% PSS 3% -5%
Kowt10% 6% PSS 2% 4%
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SPECIES WITH MEAN SPD
PARAMETER Max SPD Max CHANGE MiNSPD
Growth rate constant (kG) 4.3% ES 0.6% 2.7%
(Sgg":‘;”t organic carbon 3.9% ES 0.0% 2.9%
Se

B (MAF, proportionality
constant for sorption capacity -3.7% SC 0.0% -1.9%
of NLOM)
%Drolg (()pé;)portionality constant 35% PIZ 0.5% 13%
E‘Sucmc;oncentratlon in water 3.5% P/Z 0.5% 13%
Dpoc (disequilibrium factor for o o o
DOC partitioning) 3.5% P/Z 0.5% 1.3%
FC)::reen\;l|;;:taelrconcentratlon in 2.7% ES 0.0% -2.0%
Weight -2.5% PSS 0.0% -1.4%

! A (phytoplankton/algae o o o

' uptake constant) 2.5% P 0.0% 0.4%
Porewater, fraction ventilated -2.4% ES 0.0% -1.8%
POC 2.0% P/Z 0.3% 0.7%
Droc (;’;?t‘i‘;‘r']'i'gg)”m factor for 2.0% Pz 0.3% 0.7%
;g:rog (Opcr?portionality constant 2 0% P/Z 0.3% 0.7%
Boc (proportionality constant
for sorption capacity of 1.8% ES 0.0% 1.1%
NLOC)
Km 0.5% ES 0.0% 0.2%
B (phytoplankton/algae 0.05% P 0.0% 0.01%
uptake constant)
Ef"zggra(‘;i‘i’;pt'°” efficiency | 0.0003% DC/SC 0.0% -0.0002%
Water density 0.00014% V4 0.00001% 0.00003%

Bi — benthic invertebrate

DC - Dungeness crab

ES - English sole

JF —juvenile fish

P — phytoplankton/algae

PSS — Pacific staghorn sculpin
SC — slender crab

SS — Shiner surfperch

Z — zooplankton

Lower Duwamish Waterway Group
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Table B-3-3. Results of the plausible range sensitivity analysis for predicted l
fish and crab total PCB concentrations
' Maximum SPD SPECIES WITH MlNlMUM SPD MeAN SPD .
PARAMETER (absolute value) | Maximum CHANGE | (absolute value) | (with negatives)
Dietary absorption efficiency o o o
of fipids (alpha) (upper) 67% DC 1% 20% l
Dietary absorption efficiency
of lipids (alpha) (lower) 54% DC 3% -19%
Dietary absorption efficiency o o l
of NLOM (beta) (lower) 43% DC 22% -29%
?Lﬁ::)lg:'?nt PCB concentration 42% SC : 40% 41% '
(Slg\:z:)ent PCB concentration 429 SC 40% 41%
Lipid content (upper) 33% DC 11% 16% l
Lipid content (lower) 31% DC 11% -16%
Dietary absorption efficiency o o
of NLOM (beta) (upper) 28% bC 12% 18% .
Weight (lower) 25% DC 16% -19%
Lipid density (lower) 20% PSS 12% 15%
zg\;leev:)ater, fraction ventilated 17% ES 16% 7% l
Weight (upper) 17% DC 13% 15%
Lipid density (upper) 15% PSS 9% -12% '
: Temperature (upper) 12% PSS 8% 10%
Temperature (lower) 12% PSS 8% -9% :
\(/l\Jlsgzrr)PCB concentration 1% ss 9% 10% I
B (MAF) upper 11% SC 3% 6%
B (MAF) lower 11% SC 4% -6% '
DO (lower) 10% PSS 6% -8%
DO (upper) 10% PSS 6% 8% l
ch;rs;?ter, fraction ventilated 8% ES 6% 6%
aDOC (proportionality o o o
constant for DOC) (upper) 7% S8 5% 6%
Kow (lower) 6% PSS 3% -5%
Kow (upper) 6% PSS 3% 4% l
aDOC (proportionality o o
constant for DOC) (lower) 6% S$ | 4% 5%
Water PCB concentration o o ‘
(lower) 5% SS 4% -5% .
aPOC (proportionality o o o
constant for POC) (upper) 5% S8 : 4% 4%
Water content (lower) 4% JF 0% 2% I
Water content (upper) 4% SC 0% -2%
- FWM memorandum 3 .
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. (seawater)

L MXXIMUM SPD SPECIES WITH Minimum SPD ' MEeAN SPD
PARAMETER (absolute value) | Maximum CHANGE | (absolute value) | (with negatives)
OCeeq (loWer) 3% ES 3% 3%
gsr'losz g??%?%néogf?gwer) 3% S8 2% 2%
'POC (lower) 2% | ss 2% 2%
OCsed (upper) 1.9% ES 1.8% -1.8%
POC (upper) 1.5% Ss 1.2% 1.4%
DOC (lower) 1.4% SS 1.0% 1.2%
- DOC (upper) 0.91% Ss 0.71% -0.81%
A (lower) 0.26% ES 0.15% 0.19%
" A (upper) 0.22% ES 0.13% -0.16%
B (lower) 0.010% ES 0.006% 0.008%
B (upper) 0.010% ES 0.006% -0.008%
Water density (upper) 0.000007% PSS 0.000001% 0.000002%

DC - Dungeness crab
ES - English sole
JF - juvenile fish

PSS - Pacific staghorn sculpin

SC - slender crab
SS - shiner surfperch

Lower Duwamish Waterway Group

Port of Seattlie | City of Seattie | King County | The Boeing Company
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Table B-3-4. Results of the plausible range sensitivity analysis for all species
.............................................. Sheme i B— A SPD l
PARAMETER Max SPD Max CHANGE MIN SPD
Dietary absorption efficiency of o o o
lipids (alpha) (upper) 67% DC 0% 14% I
Water PCB concentration (upper) 55% P/Z 7% 20%
Dietary absorption efficiency of o
lipids (alpha) (lower) -54% DC 0% -13% l
ﬁ;d;g()ent PCB concentration 43% BI 0% 329%
(Slgxnérru)em PCB concentration -43% BI 0% -32% '
Dietary absorption efficiency of
" NLOM (beta) (lower) ~43% DC 0% -23%
apoc (proportionality constant for 240 o 190 '
DOC) (upper) 34% P/Z 5% 12%
Lipid content (upper) 33% ' DC 1% 15%
Lipid content (lower) -31% DC -1% -14% .
Dietary absorption efficiency of o o o
NLOM (beta) (upper) 28% DC 0% 14%
apac (proportionality constant for 0 o o l
DOC) (lowen) 27% P/iz 4% 10%
Water PCB concentration (lower) -25% P -3% -9%
Weight (lower) -25% DC -0% -15% .
apoc (proportionality constant for 520 a0 o
POC) (upper) 23% P/Z 3% 8% l
Lipid density (lower) 20% PSS 1% 12%
gg\:\?;)ater, fraction ventilated 7% ES 0% 13%
Weight (upper) 17% DC 0% 1% I
Water content (upper) -15% P 0% -4%
. Lipid density (upper) 15% PSS 1% 10% .
Water content (fower) 14% P 0% 4%
apoc (proportionality constant for o o o
POC) (lower) 13% Pz 2% 5% .
| '(Fueprggtra)rature water column 12% PSS 0% 7%
ggwgsrature water column 12% PSS 0% 7% l
B (MAF, proportionality constant
for sorption capacity of _ 11% SC 0% 5%
. NLOM) (upper) :
B (MAF, proportionality constant
for sorption capacity of NLOM) -11% SC 0% -5%
. (lower) l
Dissolved oxygen (lower) -10% PSS 0% 6% _
= FWM memorandum 3 l
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................................. e NP
PARAMETER Max SPD Max CHANGE Min SPD

. Dissolved oxygen (upper) 10% PSS 1 0% 6%
POC (lower) 10% P/Z 1% 3%
A (phytoplankton/algae uptake o o o

. constant) (lower) 9% Pz 0% 1%
Porewater, fraction ventilated 8% ES 0% 5%
(upper) -
A (phytoplankton/algae uptake a0 o 10

. constant) (upper) 8% PiZ 0% 1%
POC (upper) -8% P/Z -1% -3%
DOC (lower) 7% P/Z 1% 2%

¢ Kow (lower) -6% PSS -2% -4%

- Kow (upper) 6% PSS 2% 4%

- DOC (upper) -4% P/Z -1% -2%

. OCsed (lower) 3% ES 0% 2%

~ OCeeq (upper) 2% ES 0% -1%
B (phytoplankton/algae uptake 0.36% p 0.01% 0.06%
constant) (lower)
B (phytoplankton/algae uptake ) o ) o ) o

 constant) (upper) 0.36% P 0.01% 0.06%

Water density (upper) (seawater) -0.00003% Z -0.7_00000% -0.00001%

Table B-3-5. Relative response ratio for upper and lower bound sensitivity
analyses for all species

.................... " F o
RESPONSE TO CHANGES IN INPUT PARAMETER INPUT
RELATIVE RESPONSE VALUES VALUES
MAaximum SPECIES WITH MEAN
: PARAMETER Maximum® MEeAN” SPD Maximum SPD SPD MEAN Maximum®
Water content (lower) -15.6 -2.1 14% P 4% -2% -0.9%
! Water content (upper) -15.0 -2.5 -15% P -4% 2% 1.0%
Dietary absorption
- efficiency of Lipids 24 0.6 67% DC 14% 23% 28%
(alpha) (upper)
Lipid density (lower) -1.8 -1.1 20% PSS 12% -11%
. Lipid density (upper) -1.4 -0.9 -15% PSS -10% 11%
. Dissolved Oxygen o o o
. (DO) (uppen) 1.1 0.7 10% PSS 6% 9%
. Dissolved Oxygen 100 o o
(DO) (lower) 1.1 0.7 10% PSS -6% -9%
Water column 1.1 0.6 12% PSS 7% 1%
temperature (upper)
Water PCB o 0 0
concentration (upper) 1.0 04 55% P/Zz 20% 55%
Dietary absorption
efficiency of NLOM 1.0 0.8 28% DC 14% 17% 28%
(beta) (upper) N ) :
- FWM memorandum 3
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________________ |
% CHANGE IN I |
RESPONSE TO CHANGES IN INPUT PARAMETER INPUT
 RELATIVE RESPONSE _VALUES - VALUES N
MAXIMUM @ SPECIES WITH MEAN : .
PARAMETER Maximum® | MEAN® SPD Maximum SPD | SPD MEeAN Maximum®
Water PCB 50 Qo 50
concentration (lower) 1.0 0.4 25% P 9% 25% '
Water column 190 20 190
temperature (lower) 1.0 0.6 12% PSS 7% 12%
Sediment PCB 470 0 l
concentration (lower) 0.9 06 43% Bl -32% -50%
Sediment PCB 0 0 o
concentration (upper) 0.9 0.6 43% BI 32% 50% '
Lipid content (upper) 0.9 0.9 33% DC 15% 18% 39%
Lipid content (lower) 0.8 09 -31% DC -14% -16% -39%
Kow (lower) 0.7 0.5 -6% PSS -4% -9% '
Dietary absorption
efficiency of Lipids 0.7 0.3 -54% DC -13% -52% -80%
(alpha) (lower) '
Kow (upper) 0.6 0.4 6% PSS 4% 10%
Dietary absorption
efficiency of NLOM 0.5 0.6 -43% DC -23% -36% -80%
(beta) (lower)
abDOC (proportionality
constant for DOC) -0.4 -0.2 27% P/Z 10% -63%

. (lower) l
B (MAF - '
proportionality
constant for sorption 04 0.2 -11% SC -5% -29%
capacity of NLOM)

(lower)

B (MAF -

proportionality '
constant for sorption 0.4 0.2 11% SC 5% 29%

capacity of NLOM)

(upper)

DOC (lower) -0.4 -0.1 7% P/Z 2% -18%

OCsed (lower) -0.4 -0.3 3% ES 2% -8%

OCsed (upper) 0.4 0.2 2% ES 1% 6% '
Porewater, fraction 170 420 _EFO o

ventilated (lower) 0.3 02 17% ES 13% 55% -50%

Weight (lower) 0.3 05 -25% DC -15% -29% “T7% l
Weight (upper) 0.3 0.2 17% DC 11% 57% 55%

DOC (upper) -0.3 -0.1 -4% P/Z -2% 14%

A (phytoplankton/ l

. algae uptake constant) 0.3 0.03 9% P/Z 1% 33%

(lower)
A (phytoplankton/

. algae uptake constant) 0.24 0.03 -8% P/iZ -1% -33%

....... (upper)

- FWM memorandum 3 l
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RESPONSE TO CHANGES IN INPUT PARAMETER INPUT
RELATIVE RESPONSE VALUES VALEs
MAaximuM SPECIES WITH MEeAN
PARAMETER Maximum® | Mean® | SPD MaximumSPD | SPD | MEeAN Maximum®
apoc {proportionality |
constant for DOC) -0.23 -0.08 -34% P/Z -12% 150% |
(upper) — .
POC (lower) -0.22 -0.07 10% P/iZ 3% -45%
. apoc (proportionality
constant for POC) -0.22 -0.08 13% P/Zz 5% -60%
(lower)
POC (upper) -0.19 -0.07 -8% P/Z -3% 41%
apoc (proportionality
constant for POC) -0.15 005 -23% PiZz -8% 149%
(upper)
Porewater, fraction 0.08 007 | 8% ES 5% 75% 100%

ventilated (upper)

B (phytoplankton/

algae uptake constant) -0.01 -0.001 . -0.36% P -0.06% 67%
(upper)
B (phytoplankton/
algae uptake constant) -0.01 -0.001 0.36% P 0.06% -67%
(lower)
. Water density (upper) 0.00002 -0.00001 0.00003% 4 0.00001 2%
: (seawater) : %

&  Calculated as the maximum species percent difference divided by the mean or maximum percent change in
parameter value. Maximum percent change is used for species-specific parameters only.

P Calculated as the mean species percent difference divided by the mean percent change in parameter value.

¢ Percent change for species-specific parameters only.

Bl - benthic invertebrate

DC — Dungeness crab

ES — English sole

JF —juvenile fish

P — phytoplankton/algae

PSS — Pacific staghorn sculpin
SC - slender crab

SS - Shiner surfperch

Z — zooplankton

Based on the 10% sensitivity analysis, all parameters that had a maximum SPD equal
to or greater than 8% were selected for inclusion in the uncertainty analysis (Tables
B-3-1, B-3-2). Kow was selected for inclusion in the uncertainty analysis because it was
close to the 8% threshold (7% SPD for Pacific staghorn sculpin) and because itis a
key chemical-specific parameter with uncertainty. The food ingestion rate (Gp) with a
maximum SPD of 14% will not be included in the uncertainty analysis because it is
calculated by an equation within the model, and Crystal Ball®, the software used to

- FWM memorandum 3
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run the Monte Carlo uncertainty analysis (Section 6.0), cannot test parameters
defined by equations.

A 10% change in predicted tissue concentrations was considered sufficient to warrant
inclusion in the uncertainty analysis. When maximum SPDs of the plausible range
analysis were ranked for target species, 11 parameters were selected for inclusion in
the uncertainty analysis. When maximum SPDs of the plausible range analysis were
ranked for all species (Table B-3-4), three additional parameters had maximum SPDs
of 10% or greater (water column PCB concentration, apoc, and aroc). apoc, and aroc
were not included in the uncertainty analysis because they are constants within
equations in the model rather than true input parameters, and Crystal Ball®, the
software used to run the Monte Carlo uncertainty analysis (Section 6.0) cannot test
parameters within equations. The phytoplankton uptake constant (A) was included
in the uncertainty analysis based on advice from Jon Arnot (2005). A complete
discussion of sensitivity analysis results is presented in the main document.
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Appendix C. Assignment of Parameter Distributions and
Correlations for Uncertainty Analysis

As discussed in the Food Web Model (FWM) Memorandum 2 (Windward 2005), a
probabilistic approach was employed to investigate model uncertainty. Specifically,
Monte Carlo simulation was used to investigate the effects of parameter variability
and uncertainty on model predictions. As described in Section 5.0 and Appendix B,
sensitivity analyses were conducted to identify sensitive parameters. Because these
parameters most affect model output, they were further investigated in the
uncertainty analysis, as described in this appendix.

Distributions, rather than point estimates, were assigned for input parameters as
appropriate (i.e., if data are available and the FWM is sensitive to a given parameter).
In the Monte Carlo simulations, the FWM was run 10,000 times using
Decisioneering® Crystal Ball 7° software. During each model iteration, different
combinations of values for each input parameter were selected based on the
probability distribution for each parameter. Output from this uncertainty analysis are
distributions of the relative probability of predicted tissue concentrations for each
species based on the distributions of FWM input parameter values. In addition to
assigning distributions for parameters, correlations may also be defined to prevent
improbable combinations of parameter values, such as the combination of an
extremely high organism lipid content and an extremely high organism water
content.

This appendix describes the process by which distributions were selected for
parameters to which the model is sensitive, the assignment of distributions for these
parameters, and the assignment of correlations between parameters.

C.1  APPROACH FOR DEVELOPMENT OF PARAMETER DISTRIBUTIONS

As described in Section 6.2.1, the first step of developing the Monte Carlo version of
the model is development of parameter distributions. Only parameters identified as
sensitive in the sensitivity analysis were included in the uncertainty analysis. The
following approach was used to develop parameter distributions:

1) When site-specific data were available, the distribution was determined
through statistical analysis of the data.! Normal distributions were defined in
Crystal Ball® by their mean and standard deviation and truncated at zero
(with no upper-bound truncation). For non-parametric datasets, a custom

1 Distributions were evaluated using ProUCL software (EPA 2004). The distribution that the software
determined to best fit the data was selected for use in Monte Carlo simulations.
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distribution was assigned based directly on site-specific empirical data.?
Crystal Ball® randomly selects parameter values from the empirical data for
each model iteration.

2) A normal or lognormal distribution was assigned if the parameter was
biological in nature and/or empirical data for similar parameters exhibited a
normal or lognormal distribution (e.g., all other LDW fish species analyzed
had normal lipid distributions, so juvenile fish were assigned a normal
distribution in the absence of empirical LDW juvenile fish lipid data). The
mean and standard deviation of the distributions of parameters from the
literature were based on published data when possible.

3) For parameters with insufficient data to define a distribution, and/or available

data did not conform to a normal or lognormal distribution, a triangle
distribution was assigned (MacIntosh et al. 1994). The mode of the triangle
was defined as the mean of the data if the data were considered sufficiently
relevant and comprehensive. For more uncertain data, the mode was based on
consideration of published selections for parameter values used in other food
web models (Arnot and Gobas 2004; Gobas and Arnot 2005). The tails of the
triangle were defined by the literature values if they were considered
sufficient to bound a plausible range.

C.2 DEVELOPMENT OF PARAMETER DISTRIBUTIONS

Distributions define the frequency for which certain parameter values will be used in
the multiple iterations of the model. Distributions were developed for the majority of
the parameters to which the model was found to be sensitive (Section 5.0 and
Appendix B). Distributions were developed by species for species-specific
parameters (e.g., Dungeness crab weight, slender crab weight). This section details
the decision process for development of parameter distributions, including
application of the above approach based on available data and professional
judgment.

C.2.1 Sensitive parameters without distributions

Distributions were not developed for eight of the parameters to which the model is
sensitive. Four parameters investigated in the sensitivity analysis are calculated by
the model. Thus, they could not be varied in an automated manner in the Monte
Carlo version of the model and were not included in the uncertainty analysis. These
parameters were growth rate, freely dissolved chemical concentration in porewater,
the proportionality constant describing similarity in phase partitioning of dissolved

2 In the custom distributions used in this assessment, Crystal Ball draws randomly from empirical
data. For example, the organism weights for shiner surfperch were assigned a custom distribution
because the data were non-parametric. During model iterations, Crystal Ball chooses a value
randomly from the 458 empirical values that define the custom distribution (Table C-2-1).
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organic carbon (DOC) relative to that of octanol (apoc), and the proportionality
constant describing similarity in phase partitioning of particulate organic carbon
(POC) relative to that of octanol (aroc).

Four of the parameters to which the model was found to be sensitive were species
dietary absorption efficiencies of lipids for fish (for three fish species and juvenile
fish). No distributions were assigned for fish dietary absorption efficiency of lipids
because the range of empirical values was too small to define a distribution.

C.2.2 Sensitive parameters for which distributions were developed

Distributions were developed for the remaining 45 parameters identified in the
sensitivity analysis and are presented in Table C-2-1. The following sections describe
the development of distributions for these parameters, which was dependent on
available data for each parameter and consistent with the approaches described in
Section C.1.
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PARAMETER DESCRIPTION

sis input values

DISTRIBUTION
TYPE

DISTRIBUTION
VALUES

CORRELATION
COEFFICIENT

SOURCE/NOTES

Environmental Parameters

King County water data (2005),, standard

Total concentration of PCBs in the Mean = 2, . v .
water column ng/L normal SD =04 id dewgt_lon was selected to include range of
empirical data..
Unpublished King County 2005 water data
with water (Mickelson 2006); used st.an'dard error from
_ . . mean = 2.9 x temperature = raw giatg as standard deviation for
Concentration of particulate organic ka/ll normal 107 ) 0.0087: distribution of estimates of the mean. POC is
carbon (POC) in the water column g _ PP ! calculated based on TOC and DOC as
SD=6.3x10 with dissolved . . :
oxygen = 0.23 descrlbgd in Appendl)g A,_ Table A-2-1.
) Correlation based on individual samples from
2 locations taken on 10 occasions.
Unpublished King County 2005 water
with POC = (Mickelson 2006); used standard error from
o mean = 11.6, 0.0087; raw data as standard deviation for
Mean water column temperature c normal SD = 0.0678 with dissolved | distribution of estimates of the mean. .
oxygen = -0.34 Correlation based on individual samples from
2 locations taken on 10 occasions.
with POC = Unpublished King County 2005 water data
] (Mickelson 2006); used standard error from
. . _ 0.0087; o
Dissolved oxygen concentration in ma/L normal mean = 8.0, with water raw data as standard deviation for
the water column 9 SD=0.36 temperature = distribution of estimates of the mean. .
P Correlation based on individual samples from
-0.34 . -
2 locations taken on 10 occasions.
SWAC developed from Phase 1 and 2 data
. . . mean = 250, as described in Appendix A, section A.2.
! Concentration of PCBs in sediment | ug/kg dw normal SD =64 Standard deviation calculated as described in

HE N A O O BN &G S Gy I E &y B h W w b T e

Appendix C, section C.2.1.2.




Table C-2-1, cont.

"""""""""""" DISTRIBUTION DISTRIBUTION "hba;{RELATION |
PARAMETER DESCRIPTION : UNiTs TYPE VALUES COEFFICIENT SOURCE/NOTES \
Chemical Parameters
Kows for each congener from Hawker and
Octanol-water partition coefficient unitiess normal Mean = 6.62, na Connell (1988); used standard error from raw
for PCBs (log Kow) SD =0.186 data as standard deviation for distribution of
estimates of the mean.
Biological Parameters
Proportionality constant expressing
the sorption capacity of NLOM unitless normal mean = 0.035, na
relative to that of octanol (8 or SD =0.005 Mean from Arnot and Gobas (2004); SD from
MAF) Arnot (2005).
Resistance to chemical uptake _ 5
through aqueous phase for day” normal msegn=—16xx110(_)5 ' na
phytoplankton/algae (A) Gobas and Arnot (2005)
mode = 0.9,
Density of lipids kg/L triangle min = 0.8, Arnot (2006)
max = 1
Phytoplankton
- . o mean =0.12, .
Lipid content of organism Yo normal SD = 0.05 id Mackintosh et al. (2004)
. o mean = 95.6, . Mackintosh et al. (2004); SD selected to
Water content of organism % normal SD = 0.55 id include range in Mackintosh et al. (2004).
| Zooplankton
mean = 1.6 x
Organism weight kg normal 107, id Giles and Cordell (1998); SD selected to
SD=36x10" include range in Giles and Cordell (1998).
- o mean = 1.2, . Kuroshima et al. (1987); SD selected to
: Lipid content A normal SD=03 id include range in Kuroshima et al. (1987).
| . o mean = 90, . Kuroshima et al. (1987); SD selected to
! Water content of organism % normal SD=15 id include range in Kuroshima et al, (1987).
. . . mode = 72,
. :Ii)ltiec}:ré?is;o)rptlon efficiency of % triangle min = 85, id
L e max = 85  Amotand Gobas (2004)
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Table C-2-1, cont.

' |5ISTR|BUTION DISTRIBUTION - CORRELATION
PARAMETER DESCRIPTION UNiTs TYPE VALUES COEFFICIENT SOURCE/NOTES
. . . mode =72,
Elll?(t)al\;y (ite)f:)rpt'on efficiency of % triangle min = 55, id
max = 85 Arnot and Gobas (2004)

mean =5.1 x

Organism weight kg custom?® 107, id LDWG Phase 2 data (n = 10); average from
raw data each sample location.
. o mean = 0.89, with water
Lipid content o normal SD = 0.26 content =-0.57 | LDWG Phase 2 data.
. o mean = 88.9, with lipid content
Water content of organism % normal SD =36 =057 LDWG Phase 2 data.
. . mode = 0.2,
5::‘2:2@3%“0" of porewater unitless triangle min = 0.05, id
max = 0.25 Winsor et al. (1990)
. . . mode = 75,
E'g:r{af?:;rpt'on efficiency of % triangle min = 15, id
P P max = 96 Arnot and Gobas (2004)
. . . mode =75,
nitary @2?5"“0” efficiency of % triangle min = 15, id Amnot and Gobas (2004)
max = 96

Juvenile Fish

Derived from all Phase 2 (2004 and 2005)

mean = 6 x 10'3, individual < 80 mm shiner surfperch

Organism weight kg normal SD=7x10" id specimens from the LDW and background
locations.
Lipid content % normal mseg”==ozé5' id LDWG Phase 2 data
Woater content of organism % normal meSaDn :27 %‘9’ id LDWG Phase 2 data
| . . mode = 0.01 )
Relative fraction of porewater . . o ' . Gobas and Wilcockson (2003); Gobas and
ventilated unitiess | triangle n;;g{ft?gg’ id Arnot (2005)
Dieté"r; absorption efﬁcien& of o mean = 60, . |
NLOM (beta) ) normal SD =3 id Arnot and Gobas (2004) '
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Table C-2-1, cont.

DISTRIBUTION DISTRIBUTION
PARAMETER DESCRIPTION UNITS TYPE VALUES COEFFICIENT SOURCE/NOTES
Slender Crab
. . mean = 0.164, .
Organism weight kg normatl SD = 00318 id LDWG Phase 2 data. |
- o a mean = 1.1, with water
Lipid content L custom raw data content = 0.6 LDWG Phase 2 data (n = 5).
. o mean = 83.6 with lipid content
Water content gf organism Yo normal SD=1.19 =06 LDWG Phase 2 data.
. . mode = 0.02,
\F/?:rll?itlgvtzéractlon of porewater unitless triangle min = 0.01, id Gobas and Wilcockson (2003); Gobas and
max = 0.03 Arnot (2005); Winsor et al. (1990)
. . . mode = 75,
Elfézr{ala%sac;rptlon efficiency of % triangle min = 15, id
P P max = 96 Arnot and Gobas (2004)
. . . mode = 75,
B[eéa’\;'y(at;f;rptlon efficiency of % triangle min =15, id
max = 96 Arnot and Gobas (2004)
Dungeness Crab
‘ . . a mean = 0.423, . -
Organism weight kg custom raw data id LDWG Phase 2 data (n = 51).
. o mean = 2.6, with water
Lipid content % normal SD =14 content = -0.93 LDWG Phase 1 and 2 data.
' . o mean = 82, with lipid
Water content of organism ) normal SD=29 content = -0.93 LDWG Phase 1 and 2 data.
Relative fraction of porewater unitless triangle mn?iie:oo(')gz’ id Gobas and Wilcockson (2003); Gobas and
! ventilated max = 0.03 Arnot (2005); Winsor et al. (1990)
} . . . mode = 75,
i ﬁ"?;i%fﬁ:;fp"m efficiency of % triangle min = 15, id Aot and Gobas (2004)
. P P max = 96
| . . . mode = 75,
l ﬁféa,\;‘y (ggfa")rpm“ efficiency of % tiangle | min=15, id Aot and Gobas (2004)
| max = 96
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Table C-2-1, cont.
I ey e —— e
PARAMETER DESCRIPTION UNiTs TYPE VALUES COEFFICIENT SOURCE/NOTES i
_______________ Pacific Staghorn Sculpin |
. . a mean = 0.060, . _ |
Organism weight kg custom raw data id LDWG Phase 2 data (n = 272). E
. o mean = 2.1, with water i
Lipid content Yo normal SD = 0.37 content = -0.80 LDWG Phase 2 data. !
. o mean = 79.0, with lipid
Water content of organism Yo normal SD = 0.602 content = -0.80 LDWG Phase 2 data.
. . mode = 0.05
Relative fraction of porewater . . A ' .
ventilated unitless triangle min -_0.02, id
max = 0.1
All fish dietary absorption efficiency mean = 60, .
of NLOM (beta) % normal SD =3 id Arnot and Gobas (2004)
Shiner Surfperch
. . a mean = 0.017, . =
Organism weight kg custom raw data id LDWG Phase 2 data (n = 458).
- o mean = 4.6, with water
Lipid content ) normal SD =14 content = -0.83 LDWG Phase 1 and 2 data.
. o mean = 73.9, with lipid
Water content of organism ) normal SD =203 content = -0.83 LDWG Phase 2 data.
. . mode = 0.01 -
Relative fraction of porewater . . S ’ . Gobas and Wilcockson (2003); Gobas and
ventilated unitless triangle min —-0.005, id Armot (2005)
max = 0.02
All fish dietary absorption efficiency o mean = 60, .
of NLOM (beta) % normal SD=3 id Arnot and Gobas (2004)
English Sole
| a mean = 0.198,
| Organism weight kg custom raw data LDWG Phase 2 data (n = 245).
o normal mean = 5.5, with water
Lipid content ? SD=13 content = -0.76 LDWG Phase 2 data.
o normal mean = 75.0, with lipid
Water content of organism ’ Sb=177 content=-076 | LDWGPhase2data = . _
D w G FWM menWAorandgmg ‘
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Table C-2-1, cont.

DISTRIBUTION DISTRIBUTION CORRELA}.ION """"""""""""
PARAMETER DESCRIPTION UNITS TYPE VALUES COEFFICIENT SOURCE/NOTES
mode = 0.1, . .
Relative fraction of porewater unitless triangle min = 0.005, id Gobas and Wilcockson (2003); Gobas and
) - Arnot (2005)
| ventilated max = 0.2
All fish dietary absorption efficiency o mean = 60, .
of NLOM (beta) o normal SD =3 id Aot and Gobas (2004)

SD - standard deviation

2 |n the custom distributions used in this assessment, Crystal Ball® draws randomly from empirical data. During model iterations, Crystal Ball® chooses a value
randomly from the empirical values that define the custom distribution.

id — inadequate data to evaluate correlations
na — not applicable; no expected correlations with other parameters with distributions

FWM memorandum 3
Lower Duwamlsh Waterway Group Aﬁ?i?i”%o%

Port of Seattle | City of Seattlie | King County | The Boelng Company Page 9




C.2.2.1 Biological parameters

There were two non-species-specific biological parameters to which the model was
found to be sensitive. Both the proportionality constant expressing the sorption
capacity of non-lipid organic matter relative to that of octanol () and the resistance
to chemical uptake through the aqueous phase for phytoplankton/algae (A) were
assigned normal distributions. These distributions and their means and standard
deviations were based on published models, modeling reports and personal
communication with Jon Arnot (Arnot 2005; Arnot and Gobas 2004; Gobas and Arnot
2005).

The majority of site-specific, species-specific lipid content and water content data
were normally distributed. Thus, normal distributions based on empirical data were
assigned for most of these parameters. One exception was slender crab lipid content,
which had a non-parametric distribution. A custom distribution was assigned for this
parameter. For species without site-specific water content and lipid data, parameter
distributions were assumed to be normal.

For some species, empirical weight data were normally distributed; thus, these
weight parameters were assigned normal distributions. For other species,
distributions of weight data were not normal or lognormal. This may have occurred
because only organisms of a minimum size were targeted during sampling. For
species with weight distributions that were not normal or lognormal, custom
distributions were assigned.

Few data were available for dietary absorption efficiencies of lipids and NLOM,
density of lipids, and for ventilation of porewater. Lacking empirical data to describe
distributions, the ranges for these parameters developed for the sensitivity analysis
(Section 5.0 and Appendix B) were used for the uncertainty analysis. These ranges
were primarily from Arnot and Gobas (2004). For crabs, benthic invertebrates,
phytoplankton, and zooplankton, triangle distributions were assigned for dietary
absorption efficiencies of lipids and NLOM because the available values from the
literature were not consistent with normal or lognormal distributions (e.g., the
minimum value was four times lower than the mean, while the maximum was only
25% higher than the mean). Similarly, the fractions of porewater ventilated for all
species were assigned triangle distributions. Density of lipids was also assigned a
triangle distribution with the same range as used in the sensitivity analysis and as
recommended by Jon Arnot (2006). The dietary absorption of NLOM for fish was
assigned a normal distribution consistent with the range used in the sensitivity
analysis.

C.2.1.2 Environmental and Chemical Parameters

The concentration of POC in the water column, the mean water column temperature,
and the dissolved oxygen concentration in the water column were all assigned
normal distributions. Because estimates of the mean are normally distributed (central
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limit theorem), a normal distribution was assigned for these parameters. The
standard error of the original distribution can be used to define a confidence interval
on the mean, similar to the way a standard deviation may be used to define a
confidence interval for normally distributed data. Thus, the standard error of the
empirical data was used as the standard deviation of the distribution of the estimates
of the mean.

Fewer empirical data were available for concentration of PCBs in water than for
conventional water parameters such as temperature, and dissolved oxygen. Because
the mean PCB water concentration was of interest, a normal distribution was
assigned. A standard deviation was selected to include the range of empirical data.

The mean of log Kow was of interest because the model uses only one Kow for all
model calculations for all species. Thus, the average of available data across species
was most appropriate. A normal distribution was assigned for the range of estimates
of the mean, with a standard deviation equal to the standard error of the estimated of
site specific Kow data (described in Section A.2.6)

The total PCB concentration in sediment was also assigned a normal distribution
because it is the distribution of estimates of the mean that are of interest. This is again
based on the central limit theorem, which states that estimates of the mean are
normally distributed. The standard deviation was selected to describe a 95%
confidence interval of the range selected for the sensitivity analysis (125 pg/kg dw as
5th percentile and 375 pg/kg dw as 95th percentile, Section B.2.2).

C.3. APPROACH AND ASSIGNMENT OF PARAMETER CORRELATIONS

Correlations were assigned between some of the parameters for which distributions
were developed to prevent improbable combinations of values for related
parameters. To evaluate correlations, data must be available that can be reasonably
matched (in time and location, or by sample specimens) and must be similarly robust
in terms of number of samples and data quality. For parameter pairs expected to be
correlated for biological or environmental reasons, a correlation test was performed if
possible. The calculated correlation coefficients were then included and applied to
both parameters in the Monte Carlo model.

Table C-2-1 identifies the parameters found to be correlated and the magnitude of
correlation. For many of the uncertain parameters for which correlations were
biologically plausible, insufficient data were available to assess correlation (e.g.,
weight data were collected for each organism, but lipid data were based on
composite samples). All parameters for which correlation might be plausible, but for
which data were insufficient to evaluate correlations, are noted in Table C-2-1 in the
correlation column. Correlation was assessed for several water quality parameters
(i.e.,, POC, mean water temperature, and dissolved oxygen concentration in the water
column), and correlation coefficients were included in the model.
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For biological parameters, correlations could be assessed only for water and lipid
contents for fish, crabs, and benthic invertebrates. Correlations between water and
lipid contents were primarily negative, as expected. One exception was slender crab,
which exhibited a positive correlation between water and lipid contents. Slender crab
lipid and water content data for the model are presented as “whole-body” crabs, but
these data are actually calculated based on edible meat and hepatopancreas
composite samples (for more detailed description, see Appendix A, Section A.2.3).
Correlations for slender crab edible meat lipid and water contents and for
hepatopancreas lipid and water contents were also found to be positive, although the
sample sizes were small (edible meat n = 13, hepatopancreas n = 5).
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